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PROCEEDINGS 


or  THIS 


IRON  AND  STEEL  INSTITUTE 


PARIS    MEETING,    1889. 


TUESDAY,  SEPTEMBER  24TH. 

The  Autumn  Meeting  of  the  Institute  was  opened  this  fore- 
noon at  the  hall  of  the  SodiU  d' Encouragement  pour  V Industrie 
Nationxdey  Eue  de  Rennes,  Paris. 

Eeception  of  the  Institute. 

M.  Gustav  Eiffel  (President  of  the  SocUt^  des  Ingd7iieurs  Civils) 
expressed  the  great  delight  that  the  French  engineers  had  in  receiv- 
ing their  English  brethren.  They  desired  to  give  them  a  hearty 
welcome,  for  they  owed  their  friends  a  debt,  knowing  full  well 
with  what  courtesy  the  French  engineers  were  received  in  Eng- 
land. They  regarded  English  engineers  witli  sympathy  as  their 
educators  and  masters  in  metallurgy,  and  they  desired  to  show 
by  the  heartiness  of  their  reception  the  esteem  with  which  they 
regarded  them. 

M.  Haton  de  la  GouPlLLlfeKE  (President  of  the  Society 
d* Encouragement  pour  VIndustrie  Nati&nale)  also  joined  in  the 
welcome  to  the  members  of  the  Institute.  As  a  miniuji  enf'ineer. 
he  desired  to  say  how  much  the  Iron  and  Steel  Institute  excited 
their  sympathy,  and  he  congratulated  the  meeting  on  the  relatione 
which  existed  between  the  Qngineers  of  the  two  countTvea. 

1889.— i/-  ^ 


2  PRESENTATION  OF  THE  BESSEMER  MEDAL. 

Sir  James  Kitson,  Presideut  of  the  Institute,  then  took  the 
chair,  and  said  he  desired  to  express  to  M.  Eiffel,  a  gentleman  who 
had  made  an  European  reputation  by  his  magnificent  work  of 
construction  in  that  city,  and  also  to  M.  Goupillifere,  the  thanks 
of  the  meeting  for  the  kind  reception  which  had  been  given  to 
them.  They  were  aware  of  the  extensive  preparations  which 
French  hospitality  had  made  ready  for  them.  They  were  always 
glad  to  visit  their  beau  Paris,  to  see  its  beautiful  monuments 
and  its  intelligent  people.  They  were  always  delighted  to  view 
the  fertile  plains  of  La  Belle  France.  They  had  a  vivid  remem- 
brance of  the  graceful  hospitalities  which  were  dispensed  to  them 
in  1878,  and  they  knew  that  on  the  present  occasion  their  great 
engineers  and  ironmasters  had  freely  opened  their  works  and  the 
examination  of  their  processes  to  the  members  of  the  English  iron 
trade.  On  behalf  of  the  Institute,  he  desired  to  thank  them  for 
their  kindness,  with  a  vivid  sense  of  all  the  favours  and  the  grace- 
ful courtesy  which  they  were  to  receive  during  the  present  week. 

The  minutes  of  the  previous  general  meeting  were  then  read, 
confirmed,  and  signed  by  the  President. 

The  Special  Bessemer  Gold  Medal  for  1889. 

The  President  said  he  had  to  make  an  announcement  with 
reference  to  the  presentation  of  the  Bessemer  Gold  Medal.  At 
a  recent  meeting  in  London,  the  Council  resolved  to  present 
M.  Henri  Schneider  with  a  special  Bessemer  Medal  for  services 
rendered  to  the  iron  and  steel  trades  of  France.  It  was  M. 
Schneider's  intention  to  have  been  present  to  receive  the  medal, 
but  in  consequence  of  engagements  at  Le  Creusot  he  was  unable 
to  attend.  It  was,  therefore,  proposed  that  the  Medal  should  be 
presented  to  him  on  the  occasion  of  the  visit  of  the  members 
to  Le  Creusot  on  Friday.  It  had,  however,  become  necessary  to 
modify  their  arrangements.  He  (the  President)  had  arranged  to 
go  with  another  party  to  visit  the  Loire,  and  he  would  have  the 
honour  of  being  accompanied  by  M.  Eiffel,  who  was  kind  enough 
to  say  that  he  would  conduct  that  deputation.  Sir  Lowthian  Bell 
had  been  good  enough  to  accede  to  the  request  of  the  Council 
that  he  should  head  the  party  proceeding  to  Le  Creusot,  and 
he  would  formally  present  the  Bessemer  medal  to  M.  Schneider 


6  THE  president's  address. 

The  basic  steel  made  in  France  last  year  was  probably  one- 
fourth  to  one-fifth  of  the  total  make. 

At  the  end  of  this  month  the  make  of  basic  steel  will  have 
reached  10,000,000  tons. 

There  were  also  made  last  year  600,000  tons  of  slag,  contain- 
ing about  86  per  cent,  of  phosphate  of  lime,  most  of  which  was 
simply  ground  very  fine,  and  used  as  a  fertiliser  without  any 
other  treatment. 

We  do  not  forget  the  valuable  contributions  made  to  the  dis- 
cussions at  our  meeting  in  Paris  by  M.  Tresca;  and  in  view 
of  the  advent  of  the  general  use  of  the  forging  press,  M.  Tresca's 
researches  into  the  laws  which  rule  the  flow  of  solids  are  worthy 
of  special  technical  study  by  those  who  direct  the  use  of  this 
new  mode  of  working  steel. 

When  I  addressed  you  in  May,  I  alluded  to  the  subject  of 
alloys  of  iron  and  steel,  which,  I  remarked,  are  destined  to  play 
a  more  and  more  important  part  in  industry.  I  call  your  atten- 
tion to  this  subject  again  for  the  purpose  of  i:ecording  that  this 
line  of  research  has  received  much  attentiou  from  French  metal- 
lurgists, at  the  International  Congress  on  Mining  and  Metallurgy, 
and  a  very  interesting  and  exhaustive  report  has  been  presented 
by  M.  Gautier,  a  member  of  our  Institute,  on  nUoys  of  iron 
a^nd  steeL 

The  alloys  of  iron  and  chromium  have  been  investigated  and 
reported  upon  by  M.  Brustlein.  Valuable  and  systematic  re- 
search has  been  made  into  the  processes  of  tempering  and  anneal- 
ing by  M.  Osmond,  and  the  use  of  metallic  baths  for  the  temper- 
ing of  large  masses  has  been  dealt  with  by  M.  Evrard. 

I  hope  the  Council  may  be  able  to  give  a  rimmi  of  these 
papers  in  the  Journal  of  the  Institute. 

The  enormous  development  of  the  use  of  steel  castings  in  the 
period  which  has  elapsed  since  our  last  visit  to  France  is  one  of 
the  features  of  the  day,  and  it  is  undoubted  that  at  the  Terre 
Noire  Works,  when  the  researches  of  M.  Gautier,  M.  Euverte, 
and  others  gave  that  establishment  a  distinct  pre-eminence  as 
makers  of  steel  castings,  a  lead  was  given. which  has  been 
followed  in  Great  Britain  and  elsewhere. 

I  have  said  but  little  in  the  few  observations  I  am  permitted 
by  the  limited  time  at  my  disposal,  but  enough,  I  think,  to  prove 
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Betibing  Members  of  Council. 

The  General  Secretary  announced  that  the  following  Vice- 
Presidents  and  members  of  Council  retired  at  the  present  meeting 
in  accordance  with  Kule  X),  namely  :— 

Vtce-Presidenis. 

Mr.  Wm.  Evan?.  Mr.  E.  P.  Martin, 

Mr.  Wm.  Jenkins. 

Menibers  of  Cotmcil. 

Mr.  G.  J.  Barker.  Mr.  Alfred  Hewlett. 

Mr.  W.  T.  Crawshay.  Mr.  J.  Biley. 

Mr.  G.  J.  Snelus. 


The  following  paper  was  then  read :  — 
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NOTES  ON 

THE  IRON  AND  STEEL  MANUFACTURE  IN  FRANCE 

IN  1887,* 

AND  AS  ILLUSTRATED  BY  THE  FRENCH  EXHIBITS  AT  PARIS. 


«  • 


:  Bt  PROFESSOR  S.  JORDAN,  Paris. 


The  anther  presented  to  the  Paris  meeting  of  the  Institute  in 
1878  a  paper  entitled  "  Notes  on  the  Resources  of  the  Iron  Manu- 
facture in  France,"  and  tried  thereby  to  give  his  English  colleagues 
a  summary  idea  of  the  French  siderurgy  at  that  time.  That 
paper  dealt  especially  with  the  fuels,  iron  ores,  and  blast  furnaces 
of  France.  In  this  new  paper,  prepared  for  the  second  Paris 
meeting,  the  author  intends  to  complete  his  former  notes,  and  to 
bring  forward  the  changes  which  have  occurred  during  the  last 
ten  years.  He  will  be  obliged  sometimes,  for  the  sake  of  brevity, 
to  refer  to  the  1878  paper. 

Section  I. — Coal  and  Coke. 

In  his  former  paper  the  author  has  indicated  the  production  of 
the  French  collieries,  and  especially  the  output  of  the  six  principal 
coalfields.  He  will  now  give,  with  some  more  details,  the  output 
for  1887,  and  compare  it  with  the  output  for  1877,  according  to 
the  official  statistics. 

*.18S7  !■  the  last  year  retomed  in  the  official  statistiea. 
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According  to  the  official  stati^ics,  the 
ircn  production  in  France  for  tLe  years  1577 
follows : — 
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These  figures  indicate  thai  important  changes  have  taken  place 
during  the  ten  years  that  have  elapsed  since  the  1873  Exhibition. 

The  prodnction  of  cAaro:<il  pij  in>n  has  continnonsly  decreased 
and  now  shows  only  an  unimportant  tonnage.  There  were  in 
1557  only  a  few  charcoal  furnaces,  viz.,  some  of  them  in  the 
souih-west  of  France,  making  special  grey  pig  for  gon-making 
purposes ;  two  only  in  the  Franche-ComtiS  district,  piodacing  the 
grey  charcoal  pig  so  highly  reputed  in  bygone  times  for  the 
charcoal  refinery ;  one  in  the  Aljxs  (IsereX  and  one  in  the  Western 
Pyrenees.  These  two  latter  are  represented  in  the  metallurgical 
gallery  of  the  Champ  de  Mars^  and  are  worth  notice,  if  only  for 
their  now  unique  character. 

Tlie  Brignoud  Wast  furnace  (Isere)  is  smelting  alpine  spathic 
ODfSj   and    produces    the    excellent    charcoal  pigs    used    in   the 
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Ttuis  Steelworks  for  the  production  of  steel  by  charcoal 
I  refining. 

1  Ria  blast  furnace  (Western  Pyrenees),  belonging  to  Messrs. 
>ltzer  &  Co.,  is  producing,  with  the  manganiferous  brown 
ites,  and  the-  spathic  ores  of  the  country,  grey  and  white 
iniferous  pigs,  used  in  the  Unieux  Steelworks  for  making 
celebrated  products. 

3  smelting  of  iron  ores  with  a  mixture  of  coke  and  charcoal 
local  and  temporary  peculiarity,  and  this  practice  is  dis- 
ring  more  and  more,  either  because  the  blast  furnace 
s,  who,  being  unable  to  use  coke  only  owing  to  the  small- 
f  their  plant,  mixed  coke  with  charcoal  in  order  to  lessen 
)st  of  production,  have  finally  put  their  furnaces  out  of 
or  because  they  have  decided  to  build  larger  furnaces,  and 
3  coke  alone.  In  1887,  there  were  only  very  few  blast 
es  using  mixed  fuels,  and  they  were  located  in  the  east  of 
d,  in  the  part  which  the  author  called,  in  his  1878  paper, 
lampagne  district,  and  where  the  furnaces  using  only  char- 
ave  disappeared.  It  looks  probable  that  the  use  of  mixed 
jxists  no  longer,  and  certainly  nothing  can  be  seen  of  it  in 
chibition. 

)  production  of  pig  iron  hj  means  of  coke  is  therefore  now 
ily  important  branch  of  the  French  pig  iron  trade.  The 
'  reported  to  the  Institute  in  1878  as  to  the  geographical 
>ution  of  the  blast  furnaces  in  France.  The  following 
lent  will  show  the  changes  since  that  time : — 


Furnaces  in  hlasi 

f. 

Districta. 

1877. 

1887 

North  and  Pas-de-Calais  district     . 

16 

12 

Meurthe  and  Moselle  district 

32 

31 

Champagne  district 

59 

14 

Franche-Cointe  district 

9 

2 

Central  district      .... 

21 

7 

North-Westem  district 

13 

1 

Perigord  and  Aveyron  district 

19 

4 

Pyrenees  and  Landes  district 

18 

11 

Loire  and  Rhone  district 

29 

10 

Alpine  district 

6 

3 

South -Kastern  district 

10 

6 

232 
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The  total  number  of  blast  furnaces  has  decreased  more  than 
one  half,  but  the  pig  iron  production  has  nevertheless  increased. 
From  about  6500  tons  the  mean  annual  make  per  furnace  has 
increased  to  15,500  tons,  and,  if  the  details  were  looked  for,  it 
would  be  found  that  the  progress  in  this  respect  has  occurred  in 
the  two  first  districts,  and,  above  all,  in  the  Meurthe  and  Moselle 
district,  which,  with  less  than  a  third  part  of  the  total  number  of 
the  French  furnaces,  has  produced  more  than  one-half  of  the 
total  annual  make  of  pig  iron. 

Proceeding  now  to  rapidly  review  the  various  pig-making  dis- 
tricts, the  author  will  indicate  the  changes  that  have  occurred 
since  1878,  and  at  the  same  time  point  to  the  corresponding 
exhibits.  As  to  the  iron  ore  resources,  he  is  obliged  to  refer 
the  reader  to  his  1878  paper. 

North  and  Fas-de- Calais  district, — ^In  this  district  the  blast 
furnaces  are  smelting  almost  entirely  Bilbao  hematites  and 
Meurthe  and  Moselle  oolitic  ores. 

The  more  recently  built  ironworks,  those  of  Isbergues  (Pas-de- 
Calais),  whose  exhibits  are  to  be  seen  in  the  Metallurgical 
Gallery,  produce  only  Bessemer  iron  with  Bilbao  ores.  The 
mean  daily  make  of  the  two  blast  furnaces  at  these  works 
exceeds  225  tons. 

The  Denain  blast  furnaces,  whose  model  is  exhibited  in  the 
"  Palais  des  Machines."  are  smelting  the  same  ores,  and  pro- 
ducing the  same  quality  of  iron. 

The  Anzin  and  the  Maubeuge  Ironworks  (Northern  Ironworks 
annexe)  produce  forge  and  foundry  pigs  by  smelting  chiefly 
oolitic  Moselle  ores. 

The  older  blast  furnaces  in  the  neighbourhood  of  Boulogne, 
which  formerly  smelted  local  ores  mixed  with  imported  ores,  are 
now  out  of  blast. 

Meurthe  and  Moselle  district, — This  district,  by  far  the  most 
important  as  regards  the  make  of  pig  iron,  employs  only  oolitic 
ores,  obtained  from  the  large  Eastern  ironstone  field,  which  ex- 
tends from  the  vicinity  of  Nancy  to  Luxembourg,  through  German 
Lorraine. 

The  fuel  used  here  is  either  French  coke  from  the  Northern 
coalfield,  or  Belgian  or  Westphalian  coke. 

The  blast  furnaces  produce  either  foundry  or  forge  pigs,  and 
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The  Pont  k  Mousson  furnaces,  which  exhibit  very  beautiful 
drawings  of  their  plant,  including  an  important  pipe  foundry ; 

The  Frouard  furnaces,  owned  by  the  Montataire  Company ; 

The  Gorcy  furnaces  on  the  Belgian  border ; 

The  Villerupt  furnaces,  belonging  to  the  Chatillon-Commentry 
Company ; 

The  Micheville  Ironworks,  belonging  to  Messra  Ferry,  Cnricque, 
and  Co.,  which  include  two  blast  furnaces,  yielding  each  daily 
eighty  to  ninety  tons  of  foundry  pig,  or  120  tons  of  forge  pig. 

Below  is  the  composition  of  the  Micheville  pig  iron,  which 
will  give  an  idea  of  the  general  quality  of  the  iron  made  in  this 
district : — 


Graphite;    \ 
Combined  carbon  ,        . 

, Foundry  No.  8. 
Per  cent. 
.'       1            2-60 

•                      070 

Wl>ite  Forge. 
Percent. 

••• 
276 

Silicon  •        •        •        • 

2-40  to  276 

0-80  to  0-60 

Sulphur         •        • 

0  02  to  0-05 

0-26  to  0-60 

Phosphorus   •        •        • 

1-60  to  2-00 

1-60  to  2-00 

Some  of  these  works  are  smelting  Luxemburg  ores  of  the  same 
character  as  the  oolitic  ores  of  the  Meurthe  and  Moselle. 

Champagne  district. —  This  district  has  lost  much  of  its 
former  importance  as  a  pig  iron  producer.  Its  blast  furnaces  are 
smelting  local  ores,  associated  with  more  or  less  Meurthe  and 
Moselle  ores. 

The  Champagne  Forges  Company  exhibit  specimens  of  their 
Pont-Varin-Wassy  ironstones,  which  are  mixed  for  special  pur- 
poses with  Pont-Saint- Vincent  oolitic  ores  and  manganiferous 
ores,  as  well  as  specimens  of  the  pigs  produced  and  used  for  the 
basic  Siemens-Martin  process. 

The  other  works  are  only  represented  by  various  iron  castings, 
some  of  them  for  ornamental,  and  others  for  building  purposes. 

Franche-Comtd  district. — The  two  operative  blast  furnaces  of 
this  district  have  not  exhibited  anything. 

Central  district. — There  are  no  longer  any  charcoal  furnaces 
in  this  district,  which  is  represented  only  by  the  coke  furnaces  of 
Montlu9on-Ville  (of  the  Commentry-Fourchambault  Company), 
and  by  those  of  the  two  Montlu^on-Saint- Jacques  and.Com- 
mentry  Works  (of  the  Chatillon-Commentry  Company).  These 
furnaces   smelt  the   local    pisolitic    ores    mixed    with    imported 
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mixed  with  some  foreign  ores,  pure  pigs  made  with  the  excellent 
Pyrenean  and  Algerian  ores.  The  percentage  of  sulphur  decreases 
from  0*48  per  cent,  in  the  white  ordinary  forge  pigs  to  0*02  per 
cent,  in  the  grey  pure  pigs ;  the  percentage  of  phosphorus  from  0*27 
per  cent,  in  the  ordinary,  to  005  per  cent,  in  the  pure  pigs. 

The  Firminy  Company  possess  one  coke  blast  furnace  (about 
7000  cubic  feet  capacity),  which  can  yield  daily  120  tons  of 
ordinary  pig,  but  which  is  more  usually  making  superior  pig, 
spiegeleisen,  and  silico-spiegels  (with  a  silicon  percentage  exceed- 
ing 20  per  cent.,  according  to  the  exhibited  figures).  In  this 
last  mode  of  working,  the  daily  yield  decreases  to  10  or  15  tons. 
The  ores  used  come  from  Algiers  and  Spain. 

The  "  Forges  et  Acieries  de  Saint  Etienne  "  Company  also  own 
blast  furnaces  at  Chasse  (Isere),  but  exhibit  no  pig  iron. 

The  Givors  blast  furnaces  belonging  to  Messrs.  de  La  Bochette 
et  Cie.  produce  almost  exclusively  foundry  pigs  for  castings. 

The  more  important  works  of  this  district,  Le  Creusot,  are 
not  represented  in  the  Exhibition,  nor  are  the  Terrenoire  and 
Lavoulte  ironworks. 

Some  of  the  ironworks  in  the  Loire  region  are  using,  for  the 
production  of  superior  iron  and  steel  with  ordinary  pig,  a  special 
refining  process  (Rollet's  process).  It  consists  in  the  melting  of  the 
pig  with  an  extra-basic  slag,  obtained  by  means  of  fluorspar  and 
limestone.  This  melting  is  eflected  in  a  basic-lined  or  water- 
jacketed  cupola  furnace,  blown  by  hot  blast.  The  pig  iron  is 
thus  purified  by  the  removal  of  the  greater  part  of  its  sulphur, 
and  of  a  certain  portion  of  its  phosphorus.  The  fined  metal 
obtained  is  sometimes  cheaper  than  the  pure  pig  made  with 
manganiferous  foreign  ores.  The  Rollet  process  is  not  formally 
exhibited,  but  its  products  can  be  seen  among  the  exhibits  of  the 
Holtzer  and  Firminy  Companies. 

Alpine  district. — This  small  district  is  represented  by  the  only 
two  blast  furnaces  that  it  now  contains,  the  Brignoud  charcoal 
furnace,  already  spoken  of,  and  the  Allevard  coke  furnace  (A. 
Pinat  &  Co.),  yielding  daily  19  to  20  tons  of  superior  pig 
(grey,  white,  mottled,  and  specular),  by  smelting  the  celebrated 
local  spathose  ores. 

South' I'Jasteni  district. — Here  the  blast  furnaces  employ  chiefly 
imported  ores  from  Algeria,  Spain,  &c. 
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As  to  the  manufacture  of  wrought  iron  ly  converting  pig  iron  in 
open-fires  and  using  charcoal  as  fuely  or  as  to  the  so-called  charcoal 
wrought  iron,  nothing  is  to  be  learned  in  the  Exhibition,  this 
description  of  iron  not  being  represented.  However,  a  few  char- 
coal open-fires  are  still  working,  especially  in  the  Franche-Comtd 
and  the  Berry  provinces. 

The  so-called  natural  steel,  obtained  by  the  same  mode  of 
treatment  of  pig  iron,  or  cliarcoal  ncUural  steel,  can  be  seen  among 
the  exhibits  of  Mr.  Alphonse  Gourju  (Bonpertuis  Steelworks), 
and  perhaps  of  Messrs.  Gouvy  &  Company  (Dieulouard  Steel- 
works) in  the  Metallurgical  Gallery,  together  with  shear  and 
double  shear  steel,  made  by  piling  and  welding  this  natural  steeL 
These  descriptions  of  steel  are  almost  solely  used  for  manufac- 
turing agricultural  implements  and  edge  tools  by  some  antiquated 
ironworks,  and  the  output  is  now  very  small. 

Puddled  steel  is  still  manufactured  in  some  steelworks  of  the 
Alpine  district  (the  Allevard  Works,  for  instance),  and  more 
particularly  in  the  Loire  district.  Messrs.  J.  Holtzer  &  Co. 
exhibit  so-called  natural  steels  intended  for  cutlery,  edge  tools, 
agricultural  implements,  springs,  &c.,  and  obtained  by  puddling 
the  charcoal  pigs  of  their  Bia  furnace.  The  Saint  Chamond 
Steelworks,  and  the  Firminy  Steelworks  also  exhibit  puddled 
steel,  as  well  as  the  Dieulouard  Steelworks  (Meurthe  and  Moselle), 
and  the  Saint  Jacques  de  Montlu^on  Steelworks  (Central  district), 
belonging  to  the  Chatillon-Commentry  Company.  We  have, 
however,  already  seen  that  the  annual  output  of  puddled  steel  is 
now  very  small :  this  process  is  gradually  disappearing,  and, 
besides,  it  is  rather  difficult  to  draw  a  clear  line  of  demarcation 
between  puddled  steels  and  superior  fine-grained  puddled  irons. 

As  to  puddled  iron,  the  annual  output  is  also  gradually  de- 
creasing, owing  to  the  gradual  increase  of  the  use,  for  structural 
and  mechanical  purposes,  of  soft  cast  steels,  obtained  in  the  con- 
verter or  in  the  open-hearth.  The  author  does  not  find  much 
interesting  matter  to  ofier  about  this  description  of  iron. 

For  a  long  time  the  French  ironworks  have  been  in  the  habit 
of  methodically  arranging  in  somewhat  numerous  numbers  or 
classes  (4,  5,  6,  and  even  more)  the  different  qualities  of  muck 
bars,  so  as  to  have  merchant  bars,  plates,  and  sheets  of  the  same 
classes.      The  lowest  number  was  used  for  the  iron  rails,  and 
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aboat  148,000  toDS,  the  qaantity  of  basic  steel  contained  in  the 
824,900  tons  above  stated.  The  producing  power  of  basic  steel  in 
the  French  steelworks,  as  well  as  of  acid  Bessemer  steel,  is,  how- 
ever, much  greater  than  would  be  supposed  from  the  above  figures. 
Indeed,  although  the  official  statistics  indicate  that  some  twenty- 
eight  converters  were  at  work  in  1887,  this  only  represents  about, 
two-thirds  of  the  actually  existing  converters,  which  will  number 
from  forty-two  to  forty-four.  Some  Bessemer  steelworks  have 
been  entirely  idle  in  1887,  such  as  those  of  Terrenoire,  Givers, 
Saint  Nazaire,  and  Pagny  on  the  Mouse;  while  some  others 
worked  with  only  a  part  of  their  plant. 

The  Bessemer  steel  manufacture  was  first  introduced  in  France 
at  Messrs.  Jackson  &  Co.'s  works  at  Saint-Seurin-on-risle,  near 
Bordeaux,  and  afterwards  at  Messrs.  Petin,  Gaudet,  &  Co.'s 
works  at  Assailly  (Loire).  It  was  afterwards  developed  in  various 
districts,  especially  in  the  Centre,  at  the  Imphy  and  Montlu^n 
Works;  in  the  Loire  district,  at  the  Terrenoire,  Creusot,  Saint 
Etienne,  and  Givors  Works;  and  in  the  Gard  district,  at  the 
Besseges  Ironworks.  The  pig  iron  used  by  these  works  was 
made  with  mixtures  of  local  ores  and  ores  imported  from  Algiers 
and  Spain,  these  last  being  somewhat  dear,  owing  to  the  sea  and 
railway  freights.  Hence  the  new  steelworks,  established  during 
the  last  ten  or  twelve  years,  have  been  located  in  the  closer 
neighbourhood  of  seaports,  such  as  the  Denain  Steelworks  (the 
first  built),  the  Isbergues,  Saint  Nazaire,  Boucau,  and  Beaucaire 
Steelworks,  the  first  four  being  intended  for  using  Spanish,  and 
the  last  for  Algerian  ores. 

The  Isbergues  Steelworks  (Pas-de-Calais),  belonging  to  the 
Acieries  of  Prance  Company,  are  provided  with  two  8-ton 
American  type  converters,  and  are  supplied  with  pig  iron  from 
two  large  blast  furnaces.  They  announce  their  annual  steel-pro- 
ducing power  as  100,000  tons.  These  works  exhibit  their  raw 
materials  and  their  steels,  classed  in  five  categories,  according  to 
their  hardness  and  mechatiicdl  propetties.  They  have  hitherto 
produced  all  kinds  pf  steel  rails,  steel  girders^  blooms,  and  billets. 

The  Adour  forges  or  Boucau  Steelworks,  near  Bayonne,  belong- 
ing to  the  "  Acierieis  de  la  Marine  et  des  Chemins  de  fer  "  Com- 
pany, having  two  converters,  also  exhibit  a  ground-plan  of  their 
works,  their  raw  materials,  and  their  products,  accompanied  by 


26       THE  IRON  AND  STEEL  MANUFACTURE  IN  FRANCE  IN  1887, 

These  works  are  delivering  to  the  trade  blooms,  billets,  bars  of 
every  description,  plates  and  rails,  as  also  wire  rods. 

The  North  and  East  Steelworks,  at  Valenciennes,  are  also  using 
basic  pigs  of  the  Meurthe  and  Moselle  district,  mixed  sometimes 
with  extra-phosphorus  pigs,  imported  from  Germany  or  from  the 
North  of  England.  They  give  the  possible  output  of  their  two 
converters  as  80,000  to  100,000  tons  of  basic  steel  annually. 
They  sell  rails,  girders,  bars,  billets,  and  blooms,  and  their 
exhibits  can  be  seen  in  the  North  of  France  special  annexe. 

The  Stenay  Iron  and  Steelworks,  in  the  Meuse  Department, 
are  about  the  only  works  in  France  working  their  special  process. 
They  decarburise  pig  iron  so  as  to  obtain  rolled  or  cast  products 
into  small  (one  ton  or  about)  converters,  according  to  the  Bobtrt 
patented  process.*  Their  exhibit  includes  numerous  specimens  of 
the  products,  Mr.  G.  Robert's  converter  shows  in  its  horizontal 
cross-section  the  form  of  the  letter  D  :  the  tuyeres,  five  or  six  in 
number,  are  horizontally  situated  nearer  to  the  upper  surface 
of  the  melted  iron  bath,  in  such  a  manner  that  the  blast  does 
not  penetrate  through  the  whole  bath,  but  acts  only  on  the 
superficial  layer,  communicating  to  it  a  gyratory  motion,  which 
brings  every  part  of  the  bath  successively  in  contact  with  the 
blast.  Mr.  Robert  also,  for  certain  stages  of  the  process,  slightly 
tilts  the  converter,  so  as  to  help  this  gradual  conversion  of  the 
iron,  and  he  declares  that  he  can,  with  a  much  smaller  or  much 
cheaper  plant  than  the  ordinary  Bessemer  plant,  produce  at  will 
hard,  soft,  and  extra  soft  steels  of  superior  quality,  capable  of 
being  easily  welded  or  run  into  moulds. 

Mr.  G.  Robert  exhibits  numerous  castings  of  great  variety, 
some  made  with  weldable  steeL  A  Parisian  foundry  shop,  with 
which  Mr.  Robert  is  also  connected,  produces  steel  castings  ob- 
tained by  his  process,  which  he  declares  to  have  been  introduced 
at  some  American  and  British  works.  Mr.  Robert  uses  for  his 
converter  an  acid  or  a  basic  lining,  according  to  the  material  to 
be  converted.  So  far  as  the  author  knows,  the  Stenay  Works 
alone  are  just  now  working  with  small  converters  in  France.  Other 
processes,  using  also  this  class  of  apparatus,  such  as  those  of  Messrs. 
Clapp  and  GriflSths,  and  others,  have  received  trials  in  some  French 
works,  but  the  author  cannot  say  what  success  they  have  obtained. 

*  See  Mr.  Garrison's  paper  on  "  The  Robert-Bessemer  Steel  Process,"  p.  266. 
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The  most  general  Tuode  of  working  is  the  scrap  process.  The 
ore  process  is  not  employed  in  France  as  far  as  the  author  knows, 
and  the  combined  nse  of  scrap  and  ore,  as  in  the  Landore  pr<h 
cess,  is  only  in  current  practice  at  the  AUevard  Works,  as  &r  as 
the  author  can  say. 

The  nature  of  the  lining  varies  in  the  diflTerent  works,  and 
according  to  the  description  of  materials  used.  Sometimes  the 
lining  is  acid,  that  is,  it  is  made  with  sand,  ganister,  or  silicioiiB 
puddle ;  sometimes  it  is  basic — that  is,  made  with  magnesia  bricks 
or  puddle  (according  to  *the  system  patented  in  1869  by  Mr. 
Emile  Muller),  or  with  dolomitic  bricks. and  blocks;  at  other 
times  the  lining  is  neutral — that  is,  made  with  chrome  ore  (accord- 
ing to  the  Valton-Ucmmiry  process*).  When  the  lining  is  made 
with  chrome  ore,  Messrs.  Valton  and  Remaury  state  that  no  mate- 
rial is  taken  trom  the  lining  either  by  the  molten  metal  or  by  the 
slag,  BO  that  no  corrosion  takes  place,  and  it  becomes  possible  to 
act  on  the  metal  either  by  scrap,  or  by  ores,  or  by  various  agents, 
in  such  a  manner  as  to  effect  a  complete  dephosphorisation,  and 
to  produce  various  descriptions  of  steel  Messrs.  Valton  and  Ee- 
maury  exhibit  drawings  of  furnaces  neutrally  lined,  specimens  of 
their  chrome  ore  and  linings,  and  products  of  some  steelworks 
working  their  process.  French  steelworks,  such  as  Fourcham- 
bault  and  Alais,  for  instance,  choose  the  neutral  lining  rather  than 
the  basic  one,  which,  they  say,  is  sooner  worn  out,  and  above  all 
when  some  iron  ore  is  used  in  the  process. 
.  The  depho^horising  mode  of  working^  properly  so-called,  that  is, 
the  conversion  of  truly  phosphoric  pigs  (such  as  those  of  Meurthe 
and  Moselle)  into  cast  steel  by  the  open-hearth  process,  is  not  yet 
much  used  in  France.  This  description  of  pig  iron  is  sooner  de- 
phosphorised in  the  basic  Bessemer  converter.  Mr.  Fould-Dupont, 
however,  shows  in  his  beautiful  exhibit  (Central  Gallery)  cast 
steel  of  many  different  forms  obtained  in  open-hearth  furnaces 
from  his  Pompey  pig  iron. 

On  the  other  hand,  in  many  steelworks,  the  basic  or  neutral 
lining  is  used  for  making  open-hearth  steel  with  ordinary  pig  and 
scrap,  not  &ee  enough  from  phosphorus  to  yield  good  steel  on  an 
acid  lining,  and  too  low  in  phosphorus  to  be  worked  in  the  basic 
converter.  Some  of  them  are  even  working  pure  pig  and  scrap  upon 
basic  and  neutral  hearths,  and  produce  soft  and  extra  soft  steels 
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Some  other  steelworks,  although  of  minor  relative  importance, 
have  also  interesting  exhibits. 

The  Hennebont  forges,  in  Brittany,  show  their  extra  soft  steel, 
obtained  on  basic  hearths  and  worked  into  sheets  and  tin  plates, 
which  they  decorate  in  the  finest  style  with  pretty  paintings,  and 
which  are  used  for  making  domestic  and  kitchen  utensils,  preserve 
boxes,  &c. 

The  Montataire  "Works  produce  also  open -hearth  steel  for 
sheets  and  tin  plates. 

The  Valenciennes  Steelworks  exhibit  tyres,  axles,  girders,  and 
sundry  bars  made  from  Siemens-Martin  steel. 

'  The  Ari^ge,  Alais,  Fourchambault,  and  Mamaval  forges  exhibit 
open-hearth  steel  of  many  different  forms  and  sizes. 

Section  VI. — Manufacture  of  Buster  Steel,  and  of 

Crucible  Cast  Steel. 

The  use  of  ccvicntatioii  or  converting-furnaces  is  somewhat 
stationary  in  France.  There  were  in  1877  thirty-four  converting- 
furnaces  with  an  output  of  1717  tons  of  blister  steel;  in  1889 
the  number  of  working  furnaces  was  twenty-four  and  the  output 
was  1491  tons. 

These  furnaces  are  not  employed  only  for  the  carbonising  of 
superior  wrought  iron  bars,  intended  for  the  making  of  shear- 
steel  or  tool  cast  steel ;  they  are  also  used  for  adding  carbon  to 
certain  puddled  steels  and  even  to  certain  cast  steels  for  special 
purposes. 

In  reference  to  crucible  steely  the  official  statistics  give,  for 
1877,  101  furnaces  with  an  output  of  7252  tons ;  and  for  1887 
only  39  furnaces  (containing  501  crucibles)  have  produced  7532 
tons.  The  old  furnaces,  heated  by  coke  fires,  and  containing 
two  or  four  crucibles  each,  are  now  to  be  found  in  a  few  incon- 
siderable works;  the  large  steelworks  employ  actually  nearly 
everywhere  large  gas  Siemens- furnaces,  containing  twenty,  and 
even  forty  crucibles. 

The  melting  of  crucible  steel  is  not  only  employed  for  produc- 
ing tool  cast  steel  by  the  fusion  of  blister  steel,  or  for  making  homo- 
geneous iron  by  the  fusion  of  pig  iron  with  malleable  iron.  This 
mode  of  melting  metals  has  now  taken  a  prominent  place  in  the 
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steel  castings,  as  well  as  their  cast  steel  wires  and  piano-strings, 
are  well  worth  attention. 

The  Chatillon-Commentry  Company  exhibit  wolfram,  chrome, 
and  carbon  cracible  steels,  and  deliver  to  the  trade  very  diversi- 
fied products,  from  chrome  steel  plates  and  shells  to  piano- 
wires,  as  also  very  heavy  steel  castings. 

Messrs.  Marrel  Brothers  possess  in  their  Rive-de-Gier  Works 
an  important  crucible  casting  shop,  and  exhibit  chrome  steel 
shells,  as  well  as  their  neighbours. 

There  are  also  some  smaller  works  which  have  crucible  casting 
shops  for  making  tool  steels,  &c. 

Section  VII. — Miscellanea. 

After  having  thus  briefly  reviewed  the  different  branches  of 
French  siderurgy,  the  author,  before  concluding  these  notes,  will 
add  some  information  in  reference  to  the  plant  of  certain  French 
ironworks  and  some  points  of  manufacture. 

Metallurgical  plant. — Messrs.  Marrel  Brothers  are  just  now 
erecting  in  their  works  a  very  heavy  steam  hammer  of  which 
they  exhibit  a  reduced  model,  and  give  the  principal  dimensions 
as  follows : — 

Weight  of  the  faUing  mass 100  tons 

Weight  of  the  anyil  block  ......  00     ,. 

Maximum  height  of  fall G  metrea 

Steam  cylinder  diameter 2     „ 

This  steam  hammer  will  be  used  with  two  180-ton  steam  cranes, 
and  two  others  of  50  tons  each.  It  is  to  be  established  in  a 
large  shed,  in  which  a  50-ton  steam  hammer  is  already  working, 
along  with  100-ton  cranes.  Messrs.  Marrel  Brothers  exhibit 
large  forgings,  as,  for  instance,  big  cranked  wrought  iron  shafts 
for  large  steamships,  which  prove  both  the  power  of  the  plant 
and  the  skill  of  the  workmanship. 

The  Saint  Chamond  Steelworks  possess  a  100-ton  steam  ham- 
mer, which  is  used  for  the  working  of  large  ingots  (one  of  those 
exhibited  weighs  100  tons),  intended  for  manufacturing  heavy 
steel  guns. 

The  Creusot  Works  exhibited  in  1878  a  model  of  its  80-ton 
steam  hammer.     Messrs.  Schneider  &  Co.  have  not  gone  beyond 
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specially  established  for  the  service  of  a  group  of  16  Gjers  pits. 
This  mill,  as  well  as  its  engine  (which  was  constmcted  by  the 
Cockerill  Company),  is  well  worth  the  attention  of  the  visitors, 
owing  to  its  many  interesting  features. 

The  visitors  can  see  in  the  Metallurgical  Gallery  steel  wire  rod 
hoops  of  very  great  length  (some  more  than  3000  feet  long), 
which  testify  to  being  rolled  in  special  mills.  Some  ironworks, 
indeed,  possess  rolling  mills  of  great  producing  power,  designed 
on  the  German  type.  These  mills  are  capable  of  rapidly  drawing 
soft  steel  billets,  six  to  seven  centimetres  square,  into  No.  20  to 
No.  22  rods  (t^  to  tJ  millim.  diam.)  by  means  of  one  or  two  sets 
of  roughing  rolls,  making  200  to  225  revolutions  per  minute,  and 
of  seven  or  eight  sets  of  finishing  rolls,  making  450  to  500  revo- 
lutions per  minute,  the  motive-power  being  transmitted  by  hemp- 
ropes  from  a  strong  steam-engine.  This  engine  is  generaUy 
a  compound  one,  with  two  horizontal  cylinders,  28  inches  and  42 
inches  diameter,  40-inch  stroke,  making  80  to  100  revolutions  per 
minute.  The  Fourchambault  Forge  (Commentry-Fourchambault 
Company),  which  exhibits  a  steel- wire  rod  hoop,  No.  21,  among 
others,  202  kilog.  weight  and  1383  metres  long,  employs  also  a 
special  rolling  mill  of  another  system  (the  Bedson  system^  as  em- 
ployed by  Messrs.  Eichard  Johnson  &  Nephew,  Manchester). 

In  reference  to  furnaces,  the  author  would  state  that  several 
gas-firing  [^systems  of  Siemens  and  others  are  in  practical  use  in 
France,  as  well  for  heating  ingots,  piles,  blooms,  slabs,  &c.,  as  for 
melting  metals.  The  Gjers  pits  are  only  operated  in  a  few  works : 
the  cause  being,  perhaps,  the  notable  decrease  in  the  steel-rail 
manufacture  during  the  last  two  or  three  years. 

The  visitors  can  see  in  the  "  Palais  des  Machines  "  a  collection 
of  Piat's  portable  oscillating  crucible  furnaces,  with  and  with- 
out a  movable  hopper.  These  furnaces  are  rather  used  fcr 
melting  copper  and  bronze  alloys  than  for  iron  and  steel.  Mr. 
Piat  has  patented  and  exhibits  a  new  form  of  furnace,  which  he 
styles  the  enpola-cnicihley  and  which  is  intended  for  the  benefit 
of  founders  of  iron  and  steel  alloys  who  cannot  employ  ordinary 
cupolas  for  the  making  of  small  castings.  A  special  lifting 
contrivance  allows,  by  means  of  a  small  windlass  and  balanced 
levers,  without  crane  use,  of  the  furnace  being  lifted  high  enough 
to  allow  of  pouring  metal  into  the  ladle. 
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these  works  there  have  been  used,  at  the  same  time,  chemical 
analysis,  calorimetry,  microscopy,  and  even  electrical  measures. 
Visitors  to  the  Exhibition  can  see  in  the  Metallurgical  Gallery 
an  apparatus  used  in  the  Montlu^on-Saint-Jacques  Steelworks 
for  studies  of  that  kind — the  Evrard  apparatus,  for  ascertaining 
and  measuring  metal  dilatations  at  high  temperatures.  Alongside 
of  this  apparatus  will  be  found  the  Mesur^  and  Nouel  pyrometric 
telescope,  employed  for  ascertaining  the  temperature  of  incan- 
descent bodies,  and  based  on  polarisation  phenomena. 

These  various  scientific  studies  have  had  an  influence  which  is 
considerable  over  the  French  metallurgical  works,  although  the 
author  cannot  possibly  do  more  than  allude  to  it.  One  of  their 
results,  and  perhaps  not  the  least  important,  is  the  considerable  in- 
crease in  the  making  and  employment  of  steel  castings  in  France, 
a  fact  which  has  forcibly  impressed  visitors  to  the  Exhibition 
of  1889. 

Forging,  tempering,  and  annealing  steel,  and  especially  steel 
in  large  pieces,  have  made  important  progress.  Tempering  is  no 
more  now,  as  in  former  times,  a  process  aiming  only .  at  the 
hardening  of  steel  owing  to  a  somewhat  mysterious  property. 
It  has  been  made  sufficiently  clear,  owiug  to  the  studies  of 
Messrs.  Osmond  and  Worth,  especially  undertaken  in  order  to 
enable  practical  metallurgists  to  turn  to  profit  the  molecular 
changes  effected  in  cast  metals  by  more  or  less  sudden  tem- 
perature changes,  resulting  from  various  new  tempering  processes, 
as,  for  instance,  tempering  in  refrigerant  mixtures  (Schneider's 
patent)  or  in  molten  lead  (Montlu^on-Saint-Jacques  patented 
process).  It  is  not  now  always  hardness,  formerly  generally 
associated  with  brittleness,  which  is  required  and  obtained  from 
tempering ;  it  is  sometimes  quite  the  contrary — ^that  is  to  say, 
body  and  malleability. 
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j)ractical  working  of  the  process,  might  possibly  have  failed  for 
want  of  the  knowledge  possessed  by  Mr.  Eiley.  Then  last,  but 
not  least,  there  was  needed  the  application  of  considerable  capital 
in  order  to  bring  the  matter  to  a  successful  issue.  Mr.  Gilchrist 
and  his  late  partner,  Mr.  Thomas,  were  fortunate  in  obtaining 
the  assistance  of  Messrs.  Bolckow,  Vaughan,  &  Co.,  and  the  ready 
and  valuable  co-operation  of  Mr.  Windsor  Eichards.  Thus,  how- 
ever largely  society  might  be  indebted  to  M.  Gruner  for  what  he 
had  done,  undoubtedly,  for  the  practical  working  of  the  system, 
the  world  was  still  more  indebted  to  Mr.  Snelus,  Messrs.  Thomas 
and  Gilchrist,  Mr.  Riley,  and,  lastly,  to  the  enterprise  and  perse- 
verance of  Messrs.  Bolckow,  Vaughan,  &  Co.,  for  giving  to  the 
world  a  valuable  contribution  to  metallurgical  science.  He  ex- 
pressed this  opinion  without  wishing  to  detract  in  any  way  from 
the  great  service  rendered  in  this  direction  by  what  had  been 
done  by  one  of  the  most  scientific  metallurgists  of  his  day. . 

.  Mr.  Edward  Riley  said  that  Professor  Williamson  had  pro- 
posed a  basic  lining  at  the  meeting  of  the  Institute  at  Swansea 
in  1870. 

Sir  LowTHiAN  Bell  said  that  the  date  of  Pi-ofessor  Gruner  s 
exposition  of  the  principle  involved  was  1867. 

Professor  Jordan  said,  as  it  was  a  matter  of  history,  he  could 
not  omit  making  a  statement  with  regard  to  the  basic  process. 
The  scientific  ideas  of  Professor  Gruner  were  first  printed,  he 
thought,  in  1867.  In  1869  a  Parisian  engineer  made  trials  on 
a  small  scale  with  magnesian  bricks,  and  two  patents  for  dephos- 
phorisation  by  means  of  basic  linings  in  converters,  or  on  the 
open-hearth,  were  taken  out.  He  was  about  to  have  the  linings 
tried  at  Le  Creusot  when  the  war  began,  but  he  was  not  able 
to  find  ironmasters  disposed  to  carry  it  out ;  and,  therefore,  the 
basic  process  slept  until  Messrs.  Thomas  and  Gilchrist  discovered 
it  some  years  afterwards.  The  experiments  would  perhaps  have 
been  made  some  eight  years  before  if  war  had  not  broken  out. 

.  The  President  said,  unless  any  other  member  desired  to  speak 
upon  the  paper,  he  would  move  that  the  best  thanks   of  the 
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Tneeting  be  given  to  Professor  Jordan  for  his  communication. 
It  had  taken  an  immense  amount  of  care  and  labour  to  prepare. 
It  was  a  record  of  the  progress  of  the  iron  and  steel  trades,  and 
was  historically  a  very  valuable  paper  to  be  enrolled  in  the  pro- 
ceedings of  their  Institute.  It  was  a  paper  which,  he  thought, 
would  assist  most  materially  in  their  examination  of  the  pro- 
ducts which  were  on  view  in  the  Exhibition,  and  would  also 
instruct  them,  if  they  read  it,  as  to  what  they  ought  to  see  in 
their  excursions  during  the  present  week.  They  were  deeply 
grateful  to  Professor  Jordan.  Some  of  them  knew  the  immense 
amount  of  labour  which  he  had  devoted  to  the  preparation  of  the 
paper,  and  he  was  sure  that  the  members  would  accord  to  him 
their  hearty  thanks  by  acclamation. 

A  vote  of  thanks  was  then  passed  to  Professor  Jc/rdan. 

The  President  said  the  next  paper  to  be  read  referred  to  the 
proposed  Channel  Bridge,  and  had  been  presented  on  behalf  of 
Messrs.  Schneider  &  Co.  and  M.  Hersent.  It  was  a  matter  of 
very  great  interest,  and  it  was  a  great  compliment  to  the 
Institute,  that  a  project  which  had  been  so  seriously  studied  as 
that  had  been  should  be  presented  to  them.  It  foreshadowed 
the  consumption  of  a  million  tons  of  iron  and  steel. 


The  following  paper  was  then  read  by  the  Secretary  :- 
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ON  THE  PEOrOSED  CHANNEL  BRIDGE. 


By  Messrs.  SCHNEIDER  &  Co.,  Cbelsot  Iron  Works,  and  H.  HERSENT. 


PART    L 

I.-— Introductory  NoncK. 

The  idea  of  connecting  England  with  the  Continent  by  a  bridge 
is  not  new.  It  has  from  the  beginning  of  this  century  occupied 
the  minds  of  a  great  number  of  distinguished  men,  but  the  labours 
of  M.  Thom(5  de  Ganiond  particularly  contributed  to  render  the 
idea  popular. 

Most  of  the  schemes  hitherto  proposed  have  been  insufficiently 
worked  out*  They  have  all  been  found  impossible  to  execute,  and 
for  this  reason  each  has,  in  succession,  sunk  into  oblivion. 

A  submarine  tunnel  was  next  thought  of  as  a  means  of  com- 
munication between  France  and  England. 

The  advocates  of  the  bridge,  however,  have  once  more  given  the 
subject  their  attention,  and  the  object  of  the  present  paper  is  to 
show  that  the  construction  of  a  bridge  between  France  and  Eng- 
land may  now  be  considered  capable  of  realisation  in  practice. 
We  may  say  that  the  problem  is  at  present  clearly  placed  before 
the  technical  authorities  of  both  countries. 

However  gigantic  the  undertaking,  the  many  and  various  im- 
provements which  have  been  made  in  the  art  of  bridge-biulding 
fully  warrant  every  hope  of  success  in  an  attempt  to  build  spans 
of  metal,  500  metres  in  length,  across  the  Channel,  supported  by 
columns  resting  at  different  depths  on  the  bottom  of  the  sea. 

The  metal  it  is  proposed  to  use  is  steeL  The  extensive  use  that 
has  lately  been  made  of  this  metal,  both  in  France  and  elsewhere, 
notably  in  the  Forth  Bridge,  which  is  the  outcome  of  the  un- 
mistakable progress  of  metallurgy,  removes  every  doubt  as  to  the 
feasibility  of  dispensing  with  about  fifty  per  cent,  in  weight  by  the 
use  of  steel,  without  endangering  the  safety  of  the  structure. 

*  The  techDical  details  and  estimates  hnye  been  worked  out  in  oonjatioiion  with 
Messrs.  Sir  John  Fowler  and  B.  Baker,  chief  engineers  of  the  Forth  Bridge. 
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formed  by  a  rough  calculation  at  first  sight,  assuming  that  the 
arrangement  of  spans  shown  in  the  plan  is  adopted,  permits  the 
following  estimate  of  cost  to  be  given  with  reasonable  certainty  :— 

Fr.380,000,000  for  masonry  supports,  and  Fr.480,000,000  for  tlie 
metallic  superstructure— in  all,  Fr.860,000,000,  or  £34,400,000.* 

The  works  for  the  tunnel  and  the  railways  in  both  countries 
would  have  to  be  planned  later  on,  in  agreement  with  the  com- 
panies whose  lines  would  lead  up  to  the  bridge.  The  time  required 
for  the  completion  of  the  undertaking  may  be  fixed  at  about  ten 
years. 

IL— GENERAL  DESCEIPTION  OF  THE  BRIDGE. 

§  1.  Situation. 

The  situation  which  seems  preferable  for  a  bridge  connecting 
England*  with  the  Continent  is,  as  it  were,  suggested  by  Nature 
herself,  namely,  the  line  stretching  over  the  shallowest  parts  of 
the  Channel,  and  connecting  the  shores  where  they  are  closest  to 
each  other.  This  line  commences  at  a  point  near  to  Cape  Gris- 
nez,  and  reaches  the  coast  of  England  near  Folkestone,  passing 
over  the  banks  of  Colbait  and  Varne.  The  adoption  of  this  line 
would  enable  the  existence  of  these  two  banks  to  be  taken  ad- 
vantage of,  so  as  to  avoid  working  in  great  depths,  and  thereby 
diminish  the  height  of  the  piers  to  be  erected. 

The  banks  are  situated  near  the  centre  of  the  Channel  about 
six  kilometres  apart.  The  depth  of  the  water  at  that  jjoint  does 
not  exceed  seven  or  eight  metres  at  low  water,  and  they  are  sepa- 
rated from  each  other  by  a  depression  about  25  to  27  metres  deep. 
Between  the  banks  of  the  Varne  and  the  British  coast  the  depth 
does  not  exceed  29  metres,  but  between  that  6t  Colbart  and  the 
Cranaux-Oeufs  the  bottom  sinks  somewhat  abruptly  down  to  40 
metres ;  it  then  attains  55  metres  about  midway  across,  when  it 
begins  gradually  to  rise.  In  these  parts,  then,  the  chief  difficulties 
would  be  encountered  in  laying  the  foundations. 

The  sketch  submitted  gives  about  the  shortest  distance  available 
for  the  ready  connection  of  the  existing  lines  of  railway  in  both 
countries,  without  difficultv  or  an  unusual  amount  of  work. 

*  ConvertiDg  the  franc  at  lOd.  ] 
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to  increase  the  surface  of  the  base  in  contact  with  the  surface  of 
the  ground. 

The  section  of  the  piers  will  form  a  rectangle,  25  metres  in 
length,  and  their  width  will  have  to  be  suited  to  each  system  of 
columns.  This  rectangle  will  terminate  in  semicircles,  so  as  to 
oppose  the  least  possible  resistance  to  the  currents. 

Supposing  55  metres  to  be  the  length  of  the  piers,  the  surface  of 
the  base  of  the  piers  in  contact  with  the  ground  will  be  1604 
square  metres.  Where  the  depth  is  less,  the  surface  will  be  pro- 
portionately smaller.  Up  to  a  certain  height,  the  masonry  will 
cover  the  whole  surface  of  the  base,  while  higher  up  two  pockets 
will  be  provided  in  order  to  decrease  the  load  upon  the  foundation, 
the  sections  of  the  walls  being  of  sufficient  strength  to  resist  any 
additional  loads.  The  masonry  will  be  built  inside  metal  caissons, 
similar  to  those  used  for  ordinary  bridge  piers,  and  they  will  be 
sunk  by  the  pneumatic  process.  These  caissons,  which  will  termi- 
nate in  metal  collars  to  secure  the  masonry,  will  be  floated  out  to 
the  spot  where  they  are  to  be  grounded.  This  will  enable  the 
ground  to  be  carefully  cleaned,  and  promote  the  application  of  the 
concrete  that  is  to  be  interposed  between  the  masonry  and  the 
bottom,  as  will  be  explained  further  on. 

The  caisson  will,  moreover,  be  surmounted  by  a  movable  dome, 
which  will  be  removed  when  the  upper  part  of  the  column  is  com- 
pleted, so  as  to  enable  the  masonry  to  be  carefully  finished  with 
squared  stones  above  the  level  of  low  water.  Special  arrangements 
will  be  made  for  anchoring  the  columns  in  the  masonry,  so  that  the 
anchorages  may  be  at  all  times  readily  inspected  in  order  to  ascer- 
tain whether  anything  is  out  of  order  in  each  separate  portion  of 
the  work.  The  whole  of  the  piers  will  occupy  a  little  over  one- 
twelfth  of  the  section  of  the  Channel.  This  reduction  of  the 
section  of  the  Channel  is  not  likely  to  exercise  a  notable  influence 
on  the  erosion  of  the  bottom,  or  to  bring  about  an  appreciable 
increase  of  the  speed  of  the  flood  and  ebb  tides.  The  distance  be* 
tween  the  piers,  fixed  at  500  and  300  metres  for  the  large  spans, 
will  not  be  less  than  200  and  100  metres  respectively  for  the  small 
ones,  and  will,  at  all  events,  be  sufficient  to  prevent  their  proving  an 
obstacle  to  the  free  navigation  of  sailing  vessels.  As  regards  steam- 
ships, no  such  danger  is  to  be  apprehended.    The  current,  which 
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The  system  of  girders  to  be  employed  is  that  of  simple,  unlattioed 
beams,  so  as  to  ensure  the  proper  distribution  of  all  stresses.  The 
secondary  beams  provided  are  intended  to  reduce  the  length  of 
certain  members,  to  prevent  buckling  of  tension  members,  and  to 
give  all  members  in  compression  proportions  suitable  to  the  lengths 
concerned,  whereby  it  becomes  possible  to  leave  the  co-efficient  of 
compression,  which  would  increase  the  weight,  out  of  consideration. 

The  level  of  the  permanent  way  is  72  metres  above  the  low- 
water  level.  This  height  might  have  been  reduced  by  arranging 
the  permanent  way  in  the  lower  portion  of  the  bridge,  but  in  thac 
case  it  would  have  been  necessary  to  make  the  cross-beams  a  great 
deal  longer,  and,  consequently,  heavier. 

By  raising  the  permanent  way,  on  the  contrary,  as  it  is  proposed 
here  to  do,  a  marked  economy  is  attainable,  which  will  certainly 
not  be  absorbed  by  any  increased  expense  involved  by  the  necessity 
of  erecting  viaducts  at  both  ends  of  the  bridge. 

There  will  be  a  double  set  of  rails,  and  the  width  of  the  flooring 
proper  will  be  8  metres. 

The  whole  width  of  the  bridge  is  variable.    The  greatest  distance 
between  the  axes  of  the  main  girders  is  25  metres,  such  a  space 
being  necessary  to  ensure  the  stability  of  the  structure  under  the 
action  of  violent  gusts  of  wind.    The  roadways  are  of  the  ordinary 
width  of  1*50  metres  between  the  rails.     The  latter  will  be  set 
in  grooves  to  obviate  accidents.     The  floor,  made  of  ribbed  sheet 
iron,  is  to  cover  the  bridge  throughout  its  length,  so  as  to  make 
eveiy  part  accessible  to  the  men  appointed  for  the  supervision 
of  the  bridge.      Between  and   outside  the  lines   of  rails,  plat- 
forms are  provided  for  the  men  to  stand  on,  and  thus  keep  out 
of  the  way  of  passing  trains.     Upon  the  flooring  it  will  be  pos* 
sible  to  establish  "  refuges,"  stations  for  the  guards,  signal-boxes, 
switches,  &c.     All  these  arrangements  may  be  multiplied  accord- 
ing to  the  requirements  of  the  traffic,  and  placed  at  any  convenient 
points  on  the  spans.     On  the  piers,  lighthouses  may  be  erected,  to 
indicate  obstacles  to  be  avoided.     The  various  kinds  of  lights  used 
in  lighthouses  may  also  serve  to  indicate  to  shippers  the  distance 
from  the  Colbart  and  the  Varne  banks.     It  would  have  been  easy 
to  establish  a  bridge  with  four  lines  of  rails  instead  of  two,  but  .the 
probable  development  of  the  traffic  did  not  appear  to  warrant  any 
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These  resistances  offer  every  appearance  of  safety,  alike  as  re- 
gards the  ground,  the  ordinary  masonry,  the  body  of  the  pier, 
and  the  granite  blocks  supporting  the  metal  columns.  The  base 
appears  to  be  sufficient  to  resist  the  different  transverse  and 
longitudinal  stresses  (of  which  wind  is  the  most  important  cause) 
that  may  tend  to  overturn  the  piers. 

The  length  of  the  spans  supported  by  the  columns  is  400  metres. 

The  surface  exposed  to  the  action  of  the  wind  on  this  distance 
is  about  7590  square  metres. 

The  surface  exposed  to  the  action  of  the  wind  on  the  metal 
columns,  622  square  metres. 

The  surface  exposed  on  the  20-metre  sub-basement,  370  square 
metres. 

The  surface  exposed  on  the  lower  part  of  the  piers,  1570  square 
metres. 

Assuming  that  the  force  of  the  wind,  and  the  strength  of  the 
pressure  exercised  by  the  currents,  attain  altogether  270  kilos, 
per  square  metre,  the  stresses  produced  upon  each  of  these  surfaces 
will  be  as  follows : — 

7-590m«  X  270k  =  2,049,300  ks. 

622mS  X   270k  =  167,940  ks. 

870m5  X  270k  =   99,900  ks. 
l-570m«  X  270k  =   423,900  ks. 

And  the  moments  of  overturn  will  be — 

2,049,300k  X  187-lm  =  280,959,030  kg. 

167,940k  X     95-4m  =    16,021,476  ka. 

99,900k  X        66m  =      6,593,400  ks. 

423,900     X       28m  =    11,869,200  ks. 

Total  moment  of  overturn  at  the 

base  of  the  piers  .        .        .     315,443,106 

One  length  of  span  of  400  metres  weighs  ....        1,164,000  ks. 

Two  metal  columns 2,010,000  ka. 

One  masonry  pier 148,675,000  ks. 

Total  weight 151,849,000 

The  point  of  emergence  of  the  resultant  x  from  the  centre  of 

the  pier  is 

315,443,106 

•^"  157,849,000"" '^*^^™' 
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at  the  junction  of  the  structure  with  the  ground.  Each  of  these  air 
locks  will  be  provided  with  sluice  valves  arranged  at  the  bottom, 
and  with  special  devices  for  facilitating  access  and  inspection,  for 
removing  excavated  matter,  and  for  filling  up  the  excavations  with 
concrete. 

The  first  piers  on  each  shore  may  be  constructed  without  neces* 
sitating  any  alteration  in  the  means  ordinarily  employed  for  this 
kind  of  structure.  The  experience  acquired  in  sinking  these  first 
piers  will  thus  enable  improved  methods  to  be  adopted  for  the 
thorough  clearance  of  the  soil,  the  filling  of  the  compartments^ 
and,  in  short,  the  completion  of  the  whole  base  in  the  case  of 
depths  exceeding  20  to  25  metres  below  the  surface  of  the  water. 
Hitherto  foundations  laid  by  the  pneumatic  process  have  scarcely 
ever  exceeded  20  to  25  metres  below  the  surface  of  the  water.  In 
exceptional  cases  they  have  reached  30  and  above  35  metres^  but 
at  such  depths  accidents  have  sometimes  occurred,  which  appear 
to  have  been  the  result  of  excessive  fatigue  on  the  part  of  the  men 
employed,  and  of  the  want  of  proper  provisions  for  arranging  the 
air  supply. 

Divers  going  down  in  search  of  sponges  and  corals  descend 
to  a  depth  of  50  metres,  and  thus  experience  the  effects  of  the 
compression  and  expansion  which  would  be  obtained  in  using 
compressed  air  at  such  a  depth.  It  will  not  be  too  much,  there-: 
fore,  to  say  that  the  ground  will  be  capable  of  being  inspected 
under  all  the  piers  before  the  concrete  is  filled  in  at  the  base. 

It  may  also  be  taken  for  granted  that  the  bottom  can  be  cleared 
beforehand  by  means  of  special  apparatus,  enabling  compressed 
air  to  be  dispensed  with,  and  that  the  filling  of  the  compartments 
and  air  chambers  can  be  effected,  either  outside  or  inside  the  pillars,, 
without  its  being  necessary  for  the  men  to  perform  any  important 
work  below. 

In  considering  the  matter  from  this  point  of  view,  the  question 
arises  as  to  what  would  happen  if  the  120  cubic  metres  of  concrete 
required  for  filling  one  compartment  were  conveyed  down  through- 
a  funnel  pipe.  It  was  found  that  if  the  water  contained  in  the 
lower  working  chamber  could  be  ejected  to  make  room  for  the  con*^ 
crete,  the  filling  of  that  chamber  could  be  satisfactorily  completed, 
and  the  concrete  will  in  no  way  be  inferior  than  in  any  of  the  other 
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The  part  of  each  caisson  situated  above  the  level  of  low  water 
will  be  movable,  and  can  be  utilised  successively  for  several  piers, 
and  it  will  consist  of  a  sort  of  dome  composed  of  metal  plates 
suitably  fitted  together.  These  will  cover  the  structure  of  the  pier, 
and  enable  the  lower  ends  to  be  sunk  to  the  sea  bottom  in  such 
a  way  that  the  masonry,  although  floating,  can  be  completed  as 
if  it  were  erected  on  land.  This  has  been  successfully  achieved  in 
building  the  dry  docks  at  Sargon  and  Missiessy,  at  Toulon,  where 
45,000  cubic  metres  of  masonry,  representing  a  weight  of  100,000 
tons,  were  kept  afloat  in  the  caissons  for  several  months. 

The  piers,  at  a  depth  of  55  metres,  would  have  to  support  the 
load  of  12,000  tons  at  their  juncture  with  the  ground,  which  is  by 
no  means  an  unheard-of  achievement 

Plans  3,  4,  and  5  illustrate  the  general  arrangement  of  the 
caissons ;  they  show  the  lower  portion,  or  concrete  chamber,  the 
central  portion  containing  the  ballast  masonry,  and  the  top  or  dome 
that  is  to  surmount  the  whole.* 

Masonry. — The  masonry  of  which  the  body  of  each  pier  is  to 
consist  should  be  set  with  good  homogeneous  calcareous  materials 
from  Marquise,  Boulogne,  &c.,  of  which  there  is  a  great  quantity 
in  the  neighbourhood  of  Gris-nez.  The  materials  can  be  carried 
to  the  spot  either  from  Ambleteuse,  Boulogne,  or  Calais,  and  will 
cause  no  trouble. 

The  mortar  required  for  the  whole  structure  should  consist  of 
Portland  cement,  in  the  proportion  of  500  kilogrammes  per  cubic 
metre  of  siUcious  or  granitic  sand.  Calcareous  or  schistose  sand 
must  be  avoided,  as  liable  to  decomposition.  Upon  the  floor  of  the 
caissons  a  layer  of  concrete  1*50  to  2  metres  thick  is  to  be  formed 
to  protect  the  iron  stifiening  beams,  and  above  that  the  ordinary 
masonry  shall  be  laid  of  rough  quarry  stones,  which  shall  rise  up 
to  the  low-water  level,  two  pockets  being  left  which  will  render 
the  structure  lighter,  and  will  greatly  facilitate  the  work  on  the 
lower  portion,  when  it  is  required  to  fill  the  chambers.  At  each 
successive  height  of  about  4  metres,  two  courses  of  dressed  stones 
will  be  placed,  which  will  have  the  efiect  of  better  distributing  the 
load,  and  rendering  the  tendency  to  settle  down  more  uniform. 
The  level  surface  of  the  lower  portion  below  the  low- water  level 
should  also  consist  of  rough  stones.     From  the  low-water  level 

*  These  plans  may  he  consulted  at  the  OffvccE  ol  \.\ve  \u%W\.>a.\ft.— ^\>. 
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be  700  metres  long  and  350  metres  wide,  so  as  to  admit  of  the 
plant  necessary  for  the  simultaneous  construction  of  a  number  of 
girders.  The  bottom  would  be  utilised  for  constructing  the  foun- 
dation of  the  caissons.  Several  docks  would  have  to  be  provided 
in  the  port  at  half-tide  level  or  somewhat  lower,  which  would  be 
isolated  from  each  other,  and  separated  from  the  sea  by  floating 
dams,  after  the  manner  of  floating  docks,  that  would  have  to  be 
operated  whenever  the  caisson  is  taken  out,  so  as  to  simplify  this 
operation  as  much  as  possible.  Besides  the  port,  a  tidal  dock 
would  have  to  be  constructed,  with  quays,  bridges,  and  all  neces- 
sary arrangements  for  facilitating  the  embarking  of  men  and  goods, 
and  for  ensuring  the  safety  of  the  floating  stock.  The  northern 
railway  lines  would  have  to  lead  up  to  the  quays,  and  to  any 
other  points  that  may  be  deemed  desirable,  so  as  to  enable  all 
the  material  and  machinery  to  be  carried  from  place  to  place  by 
railway,  and  in  order  to  facilitating  the  loading,  unloading,  and 
the  storage  of  same. 

The  dwellings  of  the  workmen  should  be  established  near  at  hand, 
but  it  is  very  probable  that  the  steam-ship  traffic  would  permit  of 
the  employment  of  workmen  residing  in  Calais  or  Boulogne,  espe- 
cially at  the  works  to  be  performed  in  the  offing.  It  is,  moreover, 
very  likely  that  important  quantities  of  material  would  have  to  be 
conveyed  by  these  ports.  This  division  of  labour  on  the  French 
coast  would  benefit  the  whole  of  the  operations,  and  prevent  obstruc- 
tion at  any  point  of  the  district  occupied  by  the  works.  On  the 
coast  of  England,  the  port  of  Folkestone  and  others  would  be  made 
use  of  for  similar  purposes.  A  network  of  telephonic  cables  should 
connect  the  difierent  loading  stations  between  them,  and  also  with 
the  yards  on  land  and  in  the  offing,  so  as  to  ensure  that  unity 
of  action  which  is  absolutely  necessary  in  the  execution  of  great 
amdertakings  such  as  this.  The  first  portion  of  the  foundation 
caissons,  which  includes  the  lower  chambers,  and  the  cross-beams 
up  to  a  height  of  3*50  metres  to  4  metres,  will  be  constructed  in  a 
closed  basin,  as  has  been  done  with  the  caissons  built  in  Toulon, 
Antwerp,  and  Saigun.  They  will  be  afloated  by  opening  the  doors 
at  the  spring-tide,  so  that  they  may  be  brought  up  to  the  outer 
harbour^  where  the  work  will  be  continued. 

In  the  outer  harbour  the  erection  of  the  metal  walls  and  the 
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If,  after  inspection,  it  should  be  found  that  the  place  where  thej 
ground  is  not  the  right  one,  the  piers  will  have  to  be  raised,  and 
the  whole  process  gone  through  over  again,  until  the  column  is  in  its 
proper  place.  In  fact,  the  method  to  be  adopted  is  very  similar  to 
that  which  we  used  with  M.  Castor  for  putting  in  place  the  piers 
of  the  Aries  bridge  over  the  Bhone. 

At  a  distance  of  from  200  to  300  metres  from  one  another,  strong 
anchors  would  be  run  out  attached  by  chains  to  a  number  of  baiges 
supporting  and  raising  them.  These  barges  will  be  connected  with 
the  caisson  of  the  pier  by  sufficiently  strong  lashings  to  enable  it  to 
be  retained  in  its  place,  to  line  it  out,  and  to  determine  the  dis* 
tances,  all  of  them  operations  requiring  the  attendance  of  veiy 
experienced  engineers,  capable  of  duly  taking  into  account  the 
deviations  due  to  the  action  of  the  tides.  The  putting  into  line 
and  fixing  of  the  distances  may  be  effected  when  the  bottom  of  the 
caisson  is  at  a  short  distance  from  the  ground  (say  from  *50  to  1 
metre).  It  will  thus  be  possible  to  admit  into  the  chambers  in 
the  lower  portion  of  the  masonry  an  amount  of  water  that  will 
give  the  caissons  sufficient  weight  to  enable  them  to  touch  the 
ground,  and  to  insure  stability,  which  would  make  it  more  easy  to 
ascertain  whether  they  are  placed  in  the  right  position,  and  are 
perfectly  vertical. 

Whenever  it  might  be  found  that  a  pier  was  not  in  its  proper 
position,  it  would  be  necessary,  in  order  to  get  it  afloat  again, 
to  remove  the  water,  to  fill  the  air  locks  with  compressed  air, 
and  to  begin  the  same  operation  afresh.  If,  on  the  contrary,  the 
operation  proved  successful,  it  will  be  sufficient,  in  order  to  ensure 
the  stability  of  the  caisson,  to  add  to  the  load  a  certain  amount 
of  masonry,  and  to  withdraw  the  water  or  compressed  air  which 
had  been  used  during  the  provisional  loading,  preliminary  to 
placing  the  pier  in  position. 

The  position  of  a  pier  sunk  in  the  midst  of  anchored  barges, 
and  attached  by  the  necessary  moorings,  would  be  very  similar  to 
that  of  a  spider  in  the  middle  of  its  web. 

By  reason  of  the  particular  position  which  each  pier  would 
take  up,  it  would  probably  be  necessary  to  strengthen  some  of  the 
moorings,  and  to  run  out  several  more  anchors. 

The  barges  used  for  that  purpose  will  have  to  be  provided  with 
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weighing  80  tx>  20  tons,  employed  in  foundation  caissons.  The 
mounting  and  taking  to  pieces  of  this  dome  will  be  effected  by 
means  of  a  floating  derrick,  capable  of  lifting  a  weight  of  from 
40  to  50  tons. 

The  lower  part  of  the  dome  will  be  furnished  with  a  galleiy,  or 
horizontal  platform,  which  will  be  used  at  the  same  time  for  the 
purpose  of  increasing  the  general  stability.  In  the  middle  part 
there  will  be  another  platform  or  gallery,  above  high- water  mark,  for 
receiving  the  cranes  necessary  for  lifting  the  materials  required  for 
the  masonry,  after  the  caisson  has  been  finally  placed  in  position. 

Levelling  the  Gkgund. — Before  the  caissons  are  put  in  place, 
it  will  be  easy  to  ascertain,  by  preliminary  boring,  the  nature  of  the 
ground  upon  which  the  pier  would  have  to  rest,  and  to  see  whether 
it  is  perfectly  horizontal  or  not  These  experiments  will  also 
permit  of  making  sure  that  the  ground  has  sufficient  resistance 
to  sustain  the  piers,  or  whether  it  is  necessary  to  prepare  a 
special  bed  for  them.  Such  levelling  of  the  bed  will  probably  be 
requisite  in  the  case  of  piers  near  the  coast,  but  owing  to  the 
small  depth  of  the  sea  in  those  parts,  the  pneumatic  process  may  be 
used  without  any  difficulty.  For  depths  of  from  20  to  35  metres, 
which  hitherto  have  only  been  obtaiaed  in  exceptional  cases,  no 
uneasiness  need  be  felt  with  regard  to  the  applicability  of  com- 
pressed air,  inasmuch  as  experience  will  show  the  practical  im- 
provements that  may  be  made  in  the  methods  and  means  already 
employed. 

About  twenty-four  piers  will  have  to  be  erected  in  portions  of 
the  ground  lying  at  a  depth  exceeding  35  metres.  For  these 
twenty-four  piers,  the  experience  previously  acquired  cannot  fail 
to  prove  a  safe  guide  as  to  the  improvements  that  may  be  made  in 
the  methods  of  operation,  and  to  give  practical  value  to  works 
which  hitherto  have  only  been  attempted  in  cases  of  exceptional 
difficulty. 

Should  it  so  happen  that,  in  levelling  the  ground  for  the  piers 
that  are  to  descend  to  the  maximum  depth,  any  danger  need 
be  apprehended  from  the  use  of  compressed  air,  there  will  be  no 
necessity,  nevertheless,  to  remain  inactive,  for  owing  to  its  special 
structure  the  ground  can  be  acted  upon  by  means  of  rotating 
machinery  that  can  be  set  in  motion  from  tlie  platform,  or  it  may 
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thus  to  prevent  the  water  from  entering  the  shaft  daring  the 
operation.  In  operating  in  this  manner,  and  in  the  case  of  each 
of  the  compartments  of  the  lower  part  of  the  caisson,  it  will  beyond 
doubt  be  found  that  the  foundation  leaves  nothing  to  be  desired  in 
respect  of  strength,  since  the  same  operation  will  be  carried  out  for 
each  separate  part.  In  fact,  the  whole  of  the  work  will  consist 
in  repeating  partial  operations  such  as  these,  for  which,  there- 
fore, suitable  machinery  will  have  to  be  provided,  and  it  may  be 
considered  certain  that  the  normal  pressure  exercised  by  the  con- 
crete remaining  in  the  shafts  will  be  sufficient  for  the  removal  of 
the  slime  and  grout.  The  test  of  such  practical  data  as  are  avail- 
able in  this  kind  of  work  justifies  the  choice  of  this  mode  of  opeia- 
tion.  The  only  objection  that  occurs  to  the  mind  is,  that  it  is 
unlikely  for  120  cubic  metres  of  concrete  to  be  got  ready  in  the 
space  of  from  fifteen  to  twenty  minutes.  It  does  not  appear  im- 
possible, however,  to  obtain  such  a  supply,  nor  even  difficult, 
seeing  the  enormous  quantity  of  concrete  that  will  be  required, 
and  the  very  powerful  machinery  that  must  necessarily  be  em- 
ployed. Each  pier,  when  immersed  and  placed  on  the  ground,  will 
have,  for  a  depth  of  55  metres  below  the  low-water  level,  the 
following  data : — 

DUplacement  of  water  (at  low  water) 70*513m' 

„  „     (at  high    „    ) 75-970m» 

Difference  of  tide 5*46(hii* 

Volume  of  the  pier S6*000m* 

Volume  of  pockets 28*800m' 

Volume  of  masonry SZiJOOT 

Weight  of  masonry 1'160t 

„         caissons 148*870 

Load  sustained  by  the  ground 150*030 

Surface  of  piers  at  the  base 1  *604m' 

Load  expressed  in  kilogrammes  per  square  centimetre  9*8k 

Weight  of  metal  columns 2*010t 

„         flooring 7*164t 

Total  load  supported  by  the  ground 157*850 

Total  load  expressed  in  kilogrammes  per  square  centimetre     .         9*8k 

Upper  Levelling. — Whenever  a  pier  is  fitted  in  position,  it 
becomes  necessary  to  raise  the  masonry  from  the  lower  water- 
level  up  to  the  base  of  the  metal  part,  that  is,  a  distance  of  20 
metres,  and  up  to  a  height  of  15  metres  above  the  highest  water- 
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Taking  for  granted  that  the  works  will  be  sufficiently  protected 
against  the  action  of  the  tops  of  the  breakers,  and  that  it  will 
even  be  possible  to  shelter  them  against  the  less  powerful  action 
of  the  swell,  the  undulations  of  which  cannot  cover  more  than  100 
metres  distance  from  the  top  of  one  wave  to  that  of  another,  or 
measure  more  than  2*50  metres  from  top  to  bottom,  it  may  be 
inferred  that,  in  the  case  of  a  pier  57  metres  long,  such  a  pier  will 
not  be  thrown  out  of  the  perpendicular  by  any  rocking  motion  to 
which  it  may  be  subjected,  and  which  will  only  represent  a  frac- 
tion of  that  sometimes  experienced  by  ships  situated  near  the  pier. 
Piers  sunk  deep  into  the  water,  and  forming  a  considerable  balk, 
wUl  only  undergo  part  of  the  effects  consequent  upon  the  surfoce 
being  thrown  out  of  the  level,  and  will  present^  as  already  men- 
tioned (even  while  afloat),  the  appearance  of  small  islands  in 
regard  to  the  ships  that  may  approach  them,  while  the  vessels 
carrying  materials  will  in  most  cases  follow  the  undulations  of  the 
surface  of  the  sea.  The  work  here'  contemplated  has  a  certain 
analogy  to  the  erection  of  a  number  of  isolated  lighthouses  upon 
rocks,  which  have  always  caused  a  considerable  expenditure  of 
labour  and  capital.  These  works,  difficult  as  they  were,  did  great 
honour  to  the  able  and  skilled  engineers  who  devoted  them* 
selves  to  successfully  carrying  them  out,  but  it  is  plain  that  an 
immense  amount  of  trouble  and  labour  would  have  been  saved  had 
these  structures  been  built  upon  a  metal  caisson  placed  upon  the 
bottom  of  the  sea,  in  the  season  when  that  was  practicable.  The 
lighthouse  in  the  estuary  of  the  Oder  may  be  mentioned  as  an 
instance  illustrating  this  statement,  resting,  as  it  does,  upon  a 
metal  caisson. 


§  3. — Matekuls  and  Machinery  required  for  the  Com- 
pletion OF  the  Works. 

The  usefulness  of  a  special  port  for  the  construction  of  the 
caisson,  the  fitting  of  the  girders,  and  the  sailing  and  floating 
plant  has  been  sufficiently  dealt  with  above.  Such  ports,  as  before 
stated,  would  have  to  be  situated  as  nearly  as  possible  to  the  point 
at  which  the  works  are  begun  upon  either  coast. 

Each  of  these  ports  would  have  to  answer  the  immediate  and 
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IT.— CUBING,  ESTIMATES,  AND  TIME  REQUIRED  FOE 
COMPLETION  OF  WORKS. 

The  following  table  shows  in  s  condensed  form  the  relativs 
importance,  and  the  namber,  of  the  piers  to  be  constmcted,  Buch 
conBtniction  requiring  about  four  million  cubic  metres  of  masonix 
and  about  seventy-six  thousand  tons  of  metaL 


Siaiement  ghoieing  the  Work  Necessary  in  the  Construction  of  the  Pien. 
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If  it  be  desired  to  complete  the  whole  of  the  works  within  a 
period  of  ten  years,  which  does  not  seem  at  all  impossible,  about 

two  years  would  have  to  be  devoted  to  preparatory  works  for 
establishing  working  yards  and  buildings,  so  that  tlie  whole 
time,  with  this  preparatory  period  included,  would  extend  over 
twelve  years.  In  such  a  case  the  foundatioD-work  would  have 
to  be  completed  one  year  before  the  superstructure  is  begun,  but 
it  might  bii  commenced  even  a  little  before  the  first  year  baa  quite 
elapsed.  Thus  ten  years  may  be  considered  as  the  limit  necessary 
for  the  foundation- works  and  the  superstructure. 

The  labour  would  have  to  be  divided  between  two  working 
yards  situated  on  either  coast,  so  that  each  yard  would  have  to 
turn  out  two  million  cubic  metres  of  masonry,  concrete,  and  caissons. 
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Details  of  Ckmatrudion  of  Caissons* 


Average  Column  with  Base  at  30  Metros  below  the 
Low-water  Level. 


Quantities,  i  Time. 


Construction  of  caissons .... 
Loading  same  before  moving  . 
Conveying  same  to  place  of  sinking 
Masonry  to  be  erected  before  sinking 
Clearing  the  ground  (?)  under  the  edge . 
Fitting  in  place  and  final  clearing  of  ground 
Application  of  concrete  .... 
Time  lost  through  bad  weather  and  holidays 


Days. 
697,000k        60 
2,200m-      10 

o 

17,500m'    176 

,    30 

;    20 

2,400mS      20 

160 


477 


Tlie  supply  of  the  immense  quantity  of  materials  necessaiy  does 
not  appear  to  offer  any  very  great  difficulties.  As  regards  the 
concrete,  and  the  rough  bricks  and  stones,  the  chalk  quarries 
situated  near  Marquise  may  easily  be  taken  advantage  of,  and 
they  will  probaby  suffice  to  supply  all  that  is  required  in  this 
respect. 

The  shipping  of  such  materials  may  be  divided  among  the 
ports  of  Calais,  Boulogne,  and  Ambleteuse  proportionately  to  the 
facilities  which  each  of  those  ports  offers.  The  unloading  on  the 
spot  where  the  work  is  carried  on  will  be  effected  by  labourers) 
with  special  machinery,  and  no  complications  are  to  be  feared  in 
this  connection,  except  such  as  may  arise  from  the  unsatisfactoiy 
condition  of  the  sea,  which  may  be  guarded  against  in  the  manner 
indicated  in  the  preceding  chapter. 

The  sand  required  for  making  the  mortar  will  be  supplied  by 
the  beach. 

Cement  is  manufactured  in  considerable  quantities  all  around 
Boulogne,  from  whence  50,000  tons  per  annum  can  be  easily 
obtained.  The  granite  for  the  capping  of  the  piers  may  be  derived 
from  the  quarries  of  Chausey,  Flamsmville,  &c.,  situated  on  the 
coast,  and  placed  beforehand  in  a  condition  suitable  for  the 
purpose. 
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whole  length  of  300  metres,  and  ex- 
tending on  either  side  in  the  form 
of  cantilevers  of  250  metres,  so  that 
the  junction  of  two  cantilevers  should 
constitute  a  span  of  500  metres  in 
aU.  The  accompanying  sketch  shows 
this  arrangement. 

It  is  a  well-known  fact  that  in  the 
Forth  Bridge  the  two  large  spans  are 
not  completely  covered  by  the  canti- 
levers, the  latter  being  connected  by 
an  ordinary  central  girder. 

It  therefore  becomes  necessary  to 
ascertain  whether  the  addition  of 
such  a  central  girder  would  re- 
sult in  diminishing  the  weight.  The 
nature  of  this  paper  does  not  en- 
able us  here  to  reproduce  the  cal- 
culations to  which  this  inquiry  has 
conducted  us,  but  it  may  be  stated 
that  these  calculations  have  shown 
that  the  addition  of  a  central  girder 
is  advisable,  and  that,  supposing 
the  distance  between  the  points  of 
support  to  be  500  metres,  the  space 
comprised  between  one  -  third  and 
one-fourth  of  the  distance  between 
the  points  of  support  is  the  best  in- 
dication of  the  length  to  be  given 
to  the  same,  for  by  this  means  a 
saving  of  about  17  per  cent,  is  realised 
on  each  of  the  cantilevers.  The 
sketch  on  p.  69  shows  the  ar- 
rangements adopted  for  the  three 
types  of  spans. 

It  now  remains  to  determine  what 
arrangement  is  to  be  adopted  with 
regard  to   the   main  girders  of   the 
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bridge.  The  best  girder  will  be  the  one  that  will  necessitate 
the  employment  of  least  weight  while  offering  sufScient  resist- 
ance  to  vertical  load9  and  presenting  the  least  surface  to  the 
wind. 

Many  types  of  girders  of  the  same  height,  and  presenting  about 
the  same  intervals  between  the  lower  apices,  have  been  examined, 
it  being  desirable  to  avoid  taking  into  consideration  the  weight  of 
the  beams  and  of  the  sleepers  under  the  rails. 


Warren  Laoed  Girder. 


Warren  Compound  Girder. 


Warren  Simple  Girder. 


Post  Girder. 


Pratt  Girder. 
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and  65  metres  high  almost  throughout  the  span  of  300  metres. 
Each  girder  consists  of  a  top  and  bottom  member  connected  by 
latticed  girders  forming  isosceles  triangles.  The  lower  members 
of  the  two  girders  have  a  distance  of  25  metres  between  their  axes 
in  the  central  span  of  300  metres,  and  an  interval  of  10  metres 
at  the  ends.  They  are  horizontal  in  the  central  span,  but  are 
raised  to  a  height  of  5  metres  at  the  ends  of  the  cantilevers. 
The  upper  members  are  connected  in  the  largest  portion  of  the 
central  span,  but  diverge  at  a  certain  point,  so  as  to  be  10  metres 
apart  at  the  ends,  and  this  is  also  the  case  with  the  lower  members; 
in  the  cantilevers  they  assume  the  shape  of  polygons  inscribed 
in  a  circle  of  650  metres  radius. 

All  the  principal  members  of  each  girder,  as  well  as  the  latticed 
girders,  are  formed  of  plate  and  section  iron  divided  into  four 
segments.    The  inclined  members  are  of  simple  sections. 

The  lower  members  are  square  in  section.  They  are  2  metres 
across  in  the  central  span,  but  decrease  in  height  towards  the  ends 
of  the  cantilevers  down  to  1  metre.  The  tip  members  have  the 
same  width  as  the  lower  ones,  but  as  the  segments  of  which  they 
are  composed  are  longer,  tlieir  section  varies  between  3  metres  and 
1*50,  and  their  size  is  variable,  according  to  the  open  length.  The 
distance  between  the  principal  lower  apices  of  each  girder  varies 
between  50  metres  and  6*50,  so  as  to  make  up  as  far  as  possible 
for  the  difference  of  direction  of  the  inclined  members. 

The  lower  members  are  connected  by  cross-shaped  bracings,  the 
bars  of  which  are  of  hollow  circular  section.  Cross  bracings 
between  struts  or  compression  members  of  the  two  main  girders 
give  additional  strength  to  those  girders  and  increase  their  resist- 
ance to  the  wind. 

Central  Girder. — The  independent  span  of  150  metres  rests 
upon  the  ends  of  the  cantilevers.  The  depth  is  11  metres  on  the 
ends  and  20  metres  in  the  centre,  the  sides  being  10  metres  apart 
Each  girder  consists  of  four  members,  the  lower  members  being 
horizontal  and  the  upper  assuming  the  shape  of  a  polygon  in- 
scribed in  a  circle,  both  being  connected  by  web,  forming  isosceles 
triangles. 

The  two  members  are  formed  of  sheet  and  section  iron  divided 
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These  bolts  have  a  diameter  of  '250  metres,  and  their  action  ex- 
tends over  a  height  of  14  metres  of  masonry. 

The  two  columns  of  the  same  pier  are  connected  by  bracings 
which  enable  them  generally  to  resist  the  transverse  action  of  the 
wind. 

The  piers  terminate  at  the  top  in  ledges  carrying  the  balus- 
trade. 

A  circular  plate  6*200  metres  in  diameter,  and  1*400  metres  in 
height,  covers  each  column,  and  is  formed  of  sheet  iron,  serving  to 
receive  the  supporting  apparatus  with  a  fixed  or  expanding  foot. 

The  expansion  gear  comprises  six  rails,  '600  metres  in  dia- 
meter and  S  metres  in  length. 

The  load  is  transmitted  from  the  floors  to  the  piers  through  the 
bedplates,  hence  it  is  distributed  all  over  the  sheet  iron  plates  and 
angle  irons,  braced  together  so  as  to  prevent  overturning  under  the 
action  of  the  wind. 

The  columns  of  one  pier  are  fixed,  while  the  columns  of  the 
next  pier  have  expansion  gear.  The  effect  of  the  expansion  or 
the  contraction  of  the  flooring  results  in  a  corresponding  reduction 
or  augmentation  of  the  play  between  the  ends  of  the  cantilevers 
and  the  ends  of  the  central  girders.  The  span  rests  on  one  side 
upon  fixed  supports,  on  the  other  on  rolling  gear. 

§  2.  The  Spans  of  200  and  350  Metres. 

The  upper  level  of  the  rails  is  72  metres  above  low- water  level 
The  lower  portion  of  the  bridge  is  supposed  to  be  at  62*680  metres 
above  the  low-water  level  throughout  the  whole  extent  of  the 
spans  of  200  metres,  while  in  the  centre  of  the  spans  of  350 
metres  the  height  above  the  low-water  level  is  66*497  metres. 

The  whole  of  the  spans  of  200  metres  and  350  metres  being 
similar  to  the  spans  of  300  and  500  metres,  it  will  suffice,  after 
what  has  been  said  in  the  preceding  paragraph,  to  refer  to  the  plans 
in  order  to  comprehend  the  arrangement  adopted  with  r^ard  to 
this  type  of  span. 
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regular  industrial  town  on  a  desert  part  of  the  coast,  and  thus 
obviate  any  disorder  that  may  result  from  so  doing,  either  while 
the  works  are  proceeding  or  after  their  abrupt  completion.  The 
fitting  together  of  all  the  pieces  can  be  mainly  done  in  the  work- 
yards,  as  regards  the  central  spans  and  the  cantilever  arms.  Once 
fitted  up,  each  span  will  have  to  be  freed  from  all  the  supports 
except  those  upon  which  it  is  supposed  finally  to  rest.  They 
must  then  be  sufficiently  shifted  along  the  jetties  to  enable  them 
to  be  placed  on  the  barges  provided  for  carrying  them  to  their 
ultimate  position. 

The  power  required  for  hoisting  the  bridge  is  not  such  as  to  be 
above  the  capacity  of  hydraulic  cranes.  Let  us,  in  fact,  consider 
the  case  in  which  the  difficulty  appears  to  be  most  serious,  namely, 
that  of  the  central  span  of  300  metres,  with  50  metres  in  over- 
hanging portions  on  either  side,  weighing  9580  tons.  Supposing 
the  co-efficient  of  friction  to  be  '10,  it  will  be  seen  that  the  efibrt 
necessary  will  only  amount  to  958  tons.  Particular  attention 
should  be  paid  to  the  arrangement  of  the  slides. 

As  the  pontoons  must  be  adapted  to  remain  upon  the  sup- 
ports for  a  certain  time,  means  must  be  provided  for  turning  it 
round.  The  supporting  surface  is  to  be  formed  by  the  base  of  a 
cone  carrying  the  turning  socket.  Thus,  in  the  case  of  the  heaviest 
span,  a  surface  of  15  square  metres  will  be  obtained  for  4790  tons, 
which  amounts  to  32  kilogrammes  per  square  centimetre. 

The  slides  will  have  to  be  strongly  fixed  to  the  masonry.  To 
avoid  their  breaking  under  the  strain  they  will  have  to  undergo, 
they  must  be  able  to  support  about  500  tons  at  the  transverse 
section,  their  width  being  2*50  metres.  They  must  evidently  be 
about  20  millimetres  thick.  They  will  rest  upon  wooden  cross- 
bars, lest,  in  consequence  of  some  difficulty  in  the  execution  of  the 
work,  an  excessive  pressure  per  unit  of  surface  should  result  in 
at  any  given  point,  the  consequence  of  which  would  be  a  fracture  • 
of  the  metal. 

The  loading  will  be  effected  at  high  water.  The  barges  will  be 
brought  up  to  the  pontoons  before  the  tide,  and  will  raise  it  when 
the  tide  sets  in.  The  whole  will  then  be  disengaged  by  transverse 
traction  by  means  of  winches. 

There  may  be  three  barges  in  the  case  of  the  heaviest  span. 
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If  f  be  the  pressure  of  the  wind  per  square  metre,  the  momentum 
of  the  wind  about  the  line  of  flotation  will  be — 

8-750  X  46-85  x  'p. 

If  ^  is  the  incline  assumed  by  the  barges,  then  F  (B — A)  sin. 
6  =  8750  X  46-85  y.  'p.  P  being  the  total  displacement,  and 
B — A  being  the  distance  of  the  centre  of  gravity  from  the  m^- 
centrum,  this  distance  we  have  assumed  to  amount  to  8  metres, 
and  P  is  =  16,500,000. 

Now,  it  is  desirable  that  the  immersed  end  should  not  go  down 

2-5 
deeper  than  2",  50  : — ^sin.  A  must  not  exceed  Kg ' 

It  follows  that  the  pressure  per  unit  of  surface  which  the  whole 
structure  will  be  able  to  sustain  will  be  equal  to — 

V  =  -f.^^  61^^?.  =  23  kilogrammes. 
^  8-750  X  46-85  x  35  ° 

Thus  even  a  violent  storm  could  not  possibly  cause  capsizing. 

But,  granting  that  this  point  has  been  sufficiently  illustrated,  it 
may  be  questioned  whether  the  portions  of  the  bridge  will  not  ran 
the  risk  of  being  deformed  under  the  strains  they  will  be  subjected 
to  by  the  barges  themselves  during  transport,  especially  if  the 
operation  is  not  carried  out  in  perfectly  fairweather. 

It  is  obvious  that  if  there  is  but  little  sea  running,  so  that  the 
waves  are  insufficient  to  influence  the  barges  themselves,  the  whole 
operation  will  proceed  as  if  they  floated  upon  a  perfectly  smooth 
sea,  so  that  no  anomalous  strains  would  ensue. 

As  to  traction,  or  those  strains  that  will  result  from  gyration,  it 
will  be  readily  seen  that  they  will  be  of  no  great  importance,  if  all 
the  operations  are  performed  slowly — e.^.,  the  towing  power  neces- 
sary to  tug  the  pontoon  at  a  speed  of  eight  knots  will  not  exceed  160 
tons,  even  if  a  very  sharp  wind  happens  to  add  to  the  resistance 
proper;  such  wind  exercising  a  pressure  of  10  kilogrammes  per 
square  metre,  the  towing  power  need  not  exceed  160  tons.  Now, 
the  pontoon  has  been  calculated  to  resist  more  considerable  trans- 
verse strains  than  that. 

While  one  may  reasonably  depend  on  having  fairly  good 
weather  in  the  Channel  during  the  summer,  it  may  happen,  never- 
theless,  that  the  barges,  upon  leaving  the  port,  may  encounter  a 
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It  is  equal  to  a  moment  of  torsion  of 

-flI,G=P(R-A)K-Oi). 

But,  on  the  other  hand,  if  o-  be  the  effect  of  the  strain  upon  the 
part  supporting  the  heaviest  load,  this  effect  is  proportionate  to 

~L  ie.,  to 

P(R-A),      _        a, 
I,G  +  ZP(R-.A)  "__IpG 

From  this  expression  we  cannot  yet  obtain  the  value  of  c ;  but 
we  may  infer  from  it  that  it  is  desirable,  within  certain  limits,  to 
multiply  the  number  of  barges. 

Supposing,  in  effect,  that  they  are  uniformly  divided,  the  dis- 
placement P  of  each  will  be  proportionate  to  the  distance  between 

p 

them,  as  I  and  -j=c. 

Let  h  be  the  distance  of  the  centre  of  gravity  from  the  part 
farthest  off;  we  obtain 


ff=:Gh—T% =GA 


a. 


^r^      +1  ^^      +  I 

P(K-A)  fc(R-A) 

The  value  of  I,  corresponding  to  the  maximum  of  o-  is 


*"V    c(R-A) 

By  this  formula  a  far  greater  length  than  that  of  the  girder  will 
be  found. 

As  I  diminishes,  <r  decreases  too ;  thus  it  will  be  seen  that  it  is 
desirable  to  increase  as  far  as  practicable  the  number  of  barges. 

The  necessity  for  the  girder  to  rest  upon  parts  capable  of  a 
local  resistance,  leads  to  the  adoption  of  the  number  thru  for 
every  9*580  tons.  Less  than  this  cannot  be  taken  in  the  case  of 
the  other  spans. 

Given  a  distance  between  the  barges  Z,  and  the  angle  o^,  of  the 
floating  surfaces  of  two  consecutive  barges,  the  corresponding 
value  may  be  calculated  from  o*.     But  an  easier  method  is  to 
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As  to  the  smaller  spans,  where  the  piers  of  the  bridge  are  100 
metres  apart,  one  single  auxiliary  pier  will  be  sufiBcient,  if  it  be 
connected  with  the  permanent  pier  by  a  platform. 


VII.— ESTIMATES  OF  WEIGHT. 

The  following  weights  have  been  obtained  by  adding  to  those 
found  by  calculations  18  per  cent,  to  provide  for  additional  pieces 
that  will  be  employed  in  fitting  and  riveting.  Taking  all  parts 
together,  the  limit  of  stress  is  assumed  to  be  12  kilogrammes  per 
sectional  square  millimetre,  the  rivet  bolts  not  being  subtracted 

This  limit,  however,  may  be  considered  as  a  very  high  one,  for 
it  has  never  been  reached  hitherto  in  any  of  the  steel  structures 
that  have  been  built ;  but,  nevertheless,  after  carefully  examining 
the  conditions  involved  in  the  question,  it  will  be  found  that  the 
assumption  of  such  a  limit  is  not  unjustified. 

In  the  present  case  the  permanent  load  represents  ^  of  the  total 
load.    From  the  formulas  deduced  from  the  experiments  of  Wohler, 
it  appears  that  the  limit  of  stress  of  12  kilogrammes  offers  the  same 
guarantees  of  safety  as  a  limit  of  10*5  kilogrammes  in  the  case  where 
the  permanent  load  and  the  additional  load  have  equal  influences. 
In  the  case  of  such  pieces  as  the  longitudinals  under  the  rails,  and 
the  tension  members,  where  the  additional  load  greatly  exceeds  the 
permanent  load,  it  may  be  said  that  the  addition  of  18  per  cent  is 
certainly  excessive — ^in  fact,  that  it  surpasses  any  figure  suggested  by 
a  lengthy  experience.    Even  as  regards  the  other  parts  of  the  bridge, 
this  figure  may  be  regarded  as  exaggerated,  owing  to  the  use  of 
sheet  iron  and  section  irons  that  can  attain  12  metres  in  length, 
which  would  notably  reduce  the  importance  of  the  fittings.    It 
must  be  added  that  in  calculating  these  members,  very  liberal 
allowance  has  been  made  for  any  unforeseen  excess  of  weight, 
since  instead  of  calculating  their  real  length,  the  distance  between 
their  axes  has  been  taken  into  account. 

To  simplify  calculations,  the  same  co-efficient  (12  kilogrammes) 
has  been  admitted  as  applying  to  all  the  members  of  the  bridge. 
In  a  final  project,  however,  it  will  be  necessary  to  examine  whether 
it  is  not  more  rational  to  assign  to  each  part  a  co-efficient  of 
resistance  varying  with  the  size  and  the  direction  of  the  stress  to 
which  that  particular  part  is  subjected. 
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Lower  Members. 

Upper  Members. 

Tenaion  Members. 

J 

Tone. 
2,353 
2,880 
2,327 
8,977 
4,375 
5,812 

J' 
L' 

Tone. 
3,827 
7,409 

11,9U 

y 

r 

8 

t 
u 

V 

w 

Tom. 
9,968 
2,715 
2,839 
2,464 
1,158 
1,867 
0,571 

21.724 

23,147 

21.572 

Tons. 

Maingirden 265,772 

SeoondAry  bars  of  principsl  girders         .....  11,790 

PUieSy  rails,  footways,  bracings  of  sleepers    ....  162,584 

LoDgitadioais  under  rails 102,720 

Beams 24,114 

Lower  bracing 16,864 

Upper  bracing 13,488 

Inclined  bracing 8,862 

Total       ....  606,194 


3.  Two  Metal  Piers. 

Tons. 

Interior  stiffening  of  lower  memben  of  flooring  girders  .  60 

Supporting  ooDtrivance 764 

Metal  columns 2,268 

Bracing  of  columns 332 

Anchor  tubes 240 

Anchor  bolts 360 

Total       ....  4,024 


Summary, 


Tons. 


Metal  flooring  (r  +  2^> 14,324 

Piers  (r) 4,024 


Total 


18,348 


18  348 
Weight  per  metre  of  column :  ~anfr  =  about  23  tons. 
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DtNTlptlao  ol  FutL 

0»C«tnl 
BpuollOO 

Two  OTtriiiiBB. 

Pbtw,  i^  f«Anj%  bi-MlBgi  of  longiladlMt* 

Ten*. 
2,002,636 
40,000 
208,753 
20r.6SO 
67.930 
67,840 
53,300 

9,17h«M 
30.300 
344,384 
263,400 
66,396 
164,4M 
29.193 

San  tout     .       .       .       . 

a,ew,868 

3iOM.6M 

0.747,518                  1 

2.  Central  Girder  of  90  Mttrea. 
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Lower  Membeim. 

Upper  Members. 

1 
Tenston  Membere. 

T<ma. 

ToiM. 

Tons. 

H, 

i.oez 

H' 

1.874 

y 

0,868 

Ij 

1.558 

1' 

8,899 

0 

2.715 

y, 

1,265 

J' 

2,411 

P 

1,711 

2,881 

q 

1.680 

Js 

2,472 

r 
t 

0,338 
0,902 

8,743 

8,1B4 

8.214 

Tons. 

Hain  girders 100,564 

Secondary  bars  of  main  girders 8,431 

Footplates,  rails,  footwajrs,  bracings  of  longitudinals  116,770 

Longitudinals  under  rails ^       .  84,944 

Beams 19.184 

Lower  braoing 9,990 

Upper  bracing 7.984 

Inclined  braoing 5.442 

Total 853.815 


3.  Ttoo  Metal  Piers. 

ToniL 

Inner  framings  of  lower  membera  of  floor  gilders  ...  28 

Supporting  machinery 422*8 

Metal  oolumns 1,625*2 

Bracings  of  columns 248 

Anchor  tubes 180 

Anchor  bolts 840 

Total 2,844 

Summary, 

Tons 

Metal  flooring  (1^  +  2^) 6,101 

Piers  (3°) 3,844 

Total 8,945 

Weight  per  running  metre :  -  ^^s  about  16*3  tons. 

500 
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§  3.  Spans  of  100  Metres  and  250  Metres. 
1.  Central  Span  and  Cantilever  Arms. 
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DtwripUoD  of  FmU.' 

Oa«C«itiml 

Moindrdgr. 

SeoonduT  Iwn  of  mam  ginlan 

PIktet,  mil,  tootwKjt,  brftdng  of  ileepor*  . 

623,060 

133,500 
101,184 

MS,8U 
16,164 
MS.S40 
1T8>» 

69,040 

Sow 

□oUaed  bruiiigl 

Sam  total 

22.000 

B36.B70 

1,008.630 

3,l«,l»              ^ 

2.  Central  Girder  of  65  Mtires. 
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Lower  Members. 

Upper  Members. 

Tension  Members. 

1 

Hi 

Tons. 
0,628 
0,792 
0,773 
2,283 

Tons. 
1,101 
2,121 

y 

k 
I 

m 
n 

Tons. 
0,564 
1.312 
0,938 
1,001 
0,202 

4,476 

3,222 

4,017 

Main  girders 
ida: 


Tons. 

46,860 

Secondary  ban  of  main  girders 5,770 

Footplates,  rails,  footways,  bracing  of  longitudinals  84,336 

Longxtudinali  under  rails 57,696 

Beams 15,648 

Lower  bracing «...  7,660 


Upner  bracing 
Inclined  bracu 


5,714 


bracing 5,442 

Total      .        .        .  229,116 

3.  Two  Metal  Columns, 

TonB. 

Inner  framings  of  lower  members  of  flooring  girders      ...  12 

Supporting  gear 240 

Metal  piers 1,448 

Bracings  of  piers 140 

Anchor  tubes 112 

Anchor  bolts 220 


Total 


Summary. 


2,172 


Tons. 


Metal  flooring  (r  +  y) 2,674 

Piers  (3") 2,172 


4846 


Total      .        .        .      j,846 
Weight  of  the  running  metre :  ^^  =  13'8  tons,  approximately. 

§  4  (Seneral  Summary. 


Number  of 
Ipsni  for  the 

*  Description  of  Spana 

Units. 

Totalf. 

whole  of  the 
Bridge. 

Lengths. 

Weights. 

Lengths. 

Weights. 

82 
13 
14 

Spans  of  300  and  500  metres 
200  and  350     „ 
„        100  and  250     „ 

Metres. 
800 
660 
860 

Tons. 

18,348 
8,945 
4,846 

Metres. 

25,600 
7,160 
4,900 

Tons. 
687,136 
116,285 

67,844 

Totals  for  whole  bridge    .         .    . 

87,668 

771,265 

Avenge  weight  per  linear  metre  of  bridge :  TZL^^=20'6  tona. 
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VIIL— CALCULATIONS  OF  EESISTANCR 

The  calculations  relating  to  the  large  spans  of  300  and  500 
metres  will  alone  be  here  reproduced,  the  same  method  having  been 
followed  for  the  three  other  types  of  spans. 


§  1.  The  Central  Girder. 

1.  Longitudinals  under  Bails. 

The  two  lines  of  rails  are  carried  by  four  rows  of  longitudinals 
laid  underneath  the  rails. 
Their  length  varies  from  6*50  metres  to  14  metres. 
The  loads  comprise : — 

The  weight  of  the  rails,  of  the  footplates,  of  the  footways,  and  of 
the  bracings  of  the  longitudinals. 

The  weight  of  the  longitudinals  proper  is  supposed  to  vary  with 
the  weight  under  consideration. 

And  the  additional  load  due  to  passing  trains. 

This  additional  load  is  assumed  to  be 
uniformly  distributed  according  to  the 
regulations  of  the  9th  July  1877- 

All  the  longitudinal  beams  are  box- 
latticed. 

The  accompanying  sketch  shows 
their  shape  in  cross  section. 

The  bars  of  the  lattice  work  are 


^ ^yoxio 


■--» 


I 

^ 


JO 


— i 


i 


I 


i 


100  X  60 
8x8 


and  of 


eLiooxJo 


formed  of  T  irons  of 

100x61 

9x8  • 

The  results  of  the  calculations  of  the 
longitudinal  beams  underlying  the  rails 
are  contained  in  the  following  table. 
They  have  been  arrived  at  on  the 
assumption  that  the  beams  will  be 
supported  at  the  ends  only: — 
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considered  as  two  non-continuous  girders,  the  position  of  the  train 
to  which  the  maximum  of  reaction  of  support  7  corresponds,  is  the 


-1 


s^ 


a 


5 


r 

T 


^ 


4 


J 

1 


same  as  that  which  produces  the  maximum  moment  of  flexure 
under  section  7  of  the  beam  sustaining  the  same  loads,  and  resting 
upon  the  two  supports  fi  and  S  only. 

Applying,  therefore,  Weyrauch's  construction,  one  is  enabled 
immediately  to  find  the  most  unfavourable  position  of  the  train, 
whether  of  simple  or  double  traction,  and  to  calculate  the  load 
transmitted  to  the  beam.  The  results  of  such  calculation  are  as 
follows : — 


Baamg. 

Maximum  StreM 
<for  each  Weight). 

Case  in  which  the  Maximna 
Stress  is  ezerdaed. 

1 

p        .         .         . 

^       .         .         . 
w       .         .         . 
0'       .         .         . 

?  :    :    ; 

Tone. 
42 
48 
47 
50 
54 
55 
59 

Simple  tnctkm  train, 
da 
do. 
do. 
da 
da 
do. 

A?»J 


rt — t — t — t — r 

fi        f  ^  ^^  aC  fi' 


r 


t 


Supposing  all  the  loads  supported  by  each  member  to  be  concen- 
trated at  its  two  upper  apices,  the  science  of  statics  enables  ns 
to  determine  the  strains  that  will  be  developed  in  each  of  these 
elements,  and  the  corresponding  weights. 
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AplM. 

Bpu 

Dnl»dHL 

.x. 

iSs:. 

,as-. 

t™-. 

Tou 

Ton. 

17 

4,989 

6,607 

17" 

fl,211 

11,180 

13 

12,917 

19- 

14.0S7 

30 

21 

1B,M3 

9,979 

10,238 

... 

Lower  Bracino. — The  whole  of  the  lower  chords  of  the  prin- 
cipal girders  and  of  the  cross^haped  bracings  which  connect  them 
form  a  girder  sustaining  the  strains  transmitted  to  the  lower  apices. 
This  girder  may  be  considered  as  imbedded  in  a  lecess  at  both 
ends.  The  diagrams  (No.  20)  show  how  the  moments  of  fleznre 
and  of  shearing  stress  have  been  determined. 

From  these  the  stresses  developed  in  the  chords  and  in  the  ban 
of  the  bracings,  as  well  as  the  corresponding  weights  can  be  worked 
out. 


J- 


t™.. 

220,5 
154,6 

6,50 

1,099 

76.5 

0,643 

99,6 

l].7.i 

0,898 

.4,00 

Total 

5,360 

Loiftlial 


13,633 
lfi,4Sl 
15,431 
17,206 


The  following  weights  will  thus  be  obtained  for  the  whole 
span : — 

Weight  of  tbe  lower  cliDrdi    ....    4  X  6,360  =  81.440 
Weight  of  the  lower  bnann  .         .         .        .    S  X  8,432  =  16,861 

Upper  Eracihg. — The  girder  formed  of  the  upper  members  and 
braces  should  also  be  considered  as  embedded  in  recesses  at  uw 
ends.    The  web  is  of  flat  mrfaoe,  but  it  is  subject  to  the  nonnal 
Btrains  connstent  with  iti  fonn  in  hoiiioDtal  sections. 
.  Ihfr  ito  by  U.  Maurice  Uvf,  and  one 
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selves,  the  weight  of  the  metal  flooring,  and  of  additional  loads. 
A  variety  of  experiments  show  that  these  loads  may  be  regarded 
as  uniformly  distributed  and  applied  to  the  lower  portion  of  the 
girders. 

Let 

p  be  the  total  per  square  metre  of  the  Qiain  girder. 

P  the  weight  of  a  girder  such  as  it  should  be  to  resist  vertical 
strains.  * 

p'  the  weight  per  running  metre  of  girder  for  all  parts  under 
consideration;  and 

p"  the  additional  load  per  running  metre  of  girder. 

We  then  obtain — 

P'l^P'^P"     (1) 

Or  let 

t  be  the  tension  or  compression  of  one  girder  bar  per  unit  of 
load  and  per  running  metre. 
/  the  length  of  the  bar. 
TT  the  density  of  the  metal. 
E  the  co-efficient  of  resistance  per  unit  of  surface. 
The  weight  of  a  bar  will  then  be : — 

1-18  g  ptl. 

The  factor  1*18  being  allowed  for  rivetings,  joints,  and  fittiiigSi 
the  weight  of  one  girder  will  then  be : — 

F=VlS^p^tl  '(2) 
Eliminating  p  between  formulse  (1)  and  (2),  we  find : 

^=M87r+      {P^P")^tl        /3X 

Calculation  op  (/  +  p). — If  we  summarise  the  weights  of 
all  the  pieces  known,  we  obtain : 
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p'  +  J)"  =  4,555  tons. 
2  tf  =  26-136_ 
R-=12x  10« 
n  =  7-800 
L  =  125 


±-  =  0-87  tons. 


The  weight  of  the  two  girders,  necessary  to  enable  them  to 
withstand  vertical  stresses,  is  therefore : — 

2  X  125  X  0-87  tons  =  217,500  tons. 

Adding  to  it  the  weight  necessary  to  withstand  the  action  of  the 
wind,  we  obtain : — 

217,500  tons  +  48,272  tons  =  265,772. 

§  2.  Central  Span  and  Cantilever  Arms. 

1.  Longitudinal  Beams  under  Bails, 

The  length  of  span  of  the  longitudinals  varies  from  7*50  metres 
to  25  metres. 

Their  arrangement  being  the  same  as  that  of  the  corresponding 
members  of  the  central  girder,  the  results  only  of  the  calculations 
will  be  here  indicated. 


Description  of 
Span. 

Number  of 

Longi- 

tudimds 

in  a  Row. 

Length  of 

Longi- 
tudinals. 

Plates, 

Rails,  d(c., 

Weight  per 

Average 

Metre  of 

Sleeper. 

Weight  of 

one 

Ix>ngl« 

tudinal. 

Weight  of 

Plates, 
Rails,  4a 

Weight  of 

Longi* 
tudixuls. 

Central  span .    . 

12 

Metres. 
25,00 

Kilos. 
343,11 

Kiloe. 
6-980 

Kilos. 
102-933 

Kilos. 
83760 

Total  for  one  row  of  sleepers    . 

102-933 

83-760 

Cantilever 
arms     .     • 

• 

I         4 
4 
4 
4 
4 
2 

25,00 
21,50 
18,00 
14,50 
11,00 
7,50 

343,11 
335,94 
333,74 
327,94 
324,37 
324,37 

6,980 
5,825 
4,434 
3,349 
2,431 
1,547 

34-311 
28-891 
24-029 
19'021 
14-272 
4*866 

27*920 
23-300 
17-736 
18-396 
9724 
8-094 

Total! 

or  one  row 

of  longitud 

iinals       • 

125-890 

95170 
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For  the  fonr  rows  of  longitudinals  we  will  thus  have — 


i 

1                                      Descriptioii. 

Central  Span  of 
SOOHetraa. 

Two  CanUlaTftr 
Arms  of  187*6 
Metres  saeh. 

1 
Pkiet,  nils,  f ootwayg,  and  bracings  of  longitudinals 
'  Longitadinals  underlying  rails 

Tons. 
411,782 

335,040 

Tons. 
501,560 

380,680 

2.  Beams. 

The  inclined  members  of  the  central  span  and  of  the  cantilever 
arms  are  of  the  same  shape  as  those  of  the  central  girder. 

Their  length  varies  between  23  and  9  metres,  and  their  height 
from  7-60  to  3-60  metres. 

The  loads  due  to  the  plates^  rails,  &c.,  and  the  weight  of  the 
sleepers  are  found  with  the  assistance  of  the  following  tables. 

As  regards  the  strain  due  to  the  passing  trains,  the  sketch  on 
p.  107  indicates  the  maximum  attained  in  the  case  of  each  train. 


TeodoB 

Maximum 

Oase  in  which  the 

Tension 

Maximum 

Case  in  which  the 

t  Hem- 

Strain  (for 

Maximum  may  be 

Mem- 

Strain (for 

Maximum  if 

1  ben. 

( 

one  LineX 

attained. 

bers. 

one  line). 
Tons. 

attained. 

Tons. 

V 

89 

Double  traction  train. 

V 

66 

Simple  traction  train. 

a 

.      89 

do. 

0 

60 

do. 

fi 

85 

do. 

X 

58 

do. 

y 

81 

do. 

A* 

52 

da 

a 

76 

do. 

V 

48 

do. 

« 

71 

da 

P 

42 

do. 

In  addition  to  this,  the  tension  members  t^ill  have  to  sustain 
two  kinds  of  strains,  the  one  due  to  the  action  produced  by  the 
wind  upon  the  train  and  the  sleepers,  and  the  other  caused  by 
the  inclination  of  the  main  girders,  which  will  be  more  fully  re- 
ferred to  farther  on. 

The  weights  attained  in  this  connection  are  recorded  in  the 
following  table : — 
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DMoription  of  Spans. 

Tenaion 
Hmnben. 

Weight  on 
each. 

Nomberof 

Tenaion 

Mambenk 

Total 
Weight 

KilM. 

Tool. 

Central  span  of  300  metres  ...         V 

8,902             12 

Total    .    . 

106-824 

106-824 

i     ''' 

8,002 

1 

8-902 

a 

7,888 

2 

16-676 

/3 

6.776 

2 

18-552 

7 

6,070 

2 

12-140 

8 

5,114 

2 

10-2i« 

Two  oantilever  arms  of  187*5      J 
metres  each                             \ 

e 

4,182 

2 

8S64 

V 

8,500 

2 

7-O00 

0 

2,814 

2 

5*628 

X 

2,402 

2 

4-804 

' 

M 

2,188 

2 

4-276 

9 

1,718 

2 

8-436 

P 

1,498      1         2 

« 

Total.    .    . 

2-996 

97-000 

3.  Bracings. 

The  surfaces  exposed  to  the  action  of  the  wind  have  been  deter- 
mined in  the  same  way  as  in  the  case]  of  the  central  girder,  and 
the  force  of  the  wind  has  been  supposed  to  be  the  same. 

It  has  been  assumed  that  the  loads  at  each  apex  are  due  to  tho 
braces  that  are  there  united  to  the  top  or  bottom  member.  ThoB 
the  different  apices  would  have  to  sustain  the  following  pres' 
sures : — 
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^3. 

*4 


•1 


ai 


1 


r~ 


01 


"3 


4- 


n 


i 


>    F 


Si 


^i 


^ 
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Upper  Apic«8. 

Caaa  of  Loaded  Bridge. 

Caae  of  Unloaded  Bridge. 

Tone. 

Tons. 

1' 

60,182 

95,588 

8' 

60,182 

95,588 

5' 

59,978 

98,978 

r 

59,800 

98,000 

9' 

58,752 

92,859 

11' 

52,569 

90,482 

18' 

88,208 

61,656 

16' 

24,428 

40,702 

IT 

9,125 

10.290 

Lower  Apices. 


0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 


Caae  of  Bridge  Loaded. 


Loads  applied 
Direct. 


Loads  due  to 
Sleepers  and  Trains. 


Tons. 
40,768 
26,908 
81,534 
26,908 
81,634 
26,908 
70,478 
24,667 
62,118 
17,816 
41,331 
12,728 
27,622 

8,887 
18,596 

6,091 
11,298 

2,798 


Tons. 

11,050 

22,100 

22,100 

22,100 

22,100 

22, 100 

22,100 

22,100 

20,188 

18,275 

16,329 

14,882 

12,614 

10,846 

9,360 

7,854 

6,660 

2,878 


Case  of  Bridge  not  Loaded. 


Loads  applied 
Direct 


Tons. 

66,962 

84,606 

133,926 
34,606 

133,926 
34,506 

126,606 
40,666 
99,810 
29,713 
72,130 
21,260 
49,393 
14,426 
32,171 
9,628 
16,002 
4,712 


Loads  due  to 
Longitndinals. 


Tons. 

7,425 

14,850 

14,850 

14,850 

14,850 

14,850 

14,850 

14,850 

13,220 

11,610 

9,986 

8,262 

6,872 

5,481 

4,528 

8,564 

2,997 

1,215 


Owing  to  the  absence  of  bracings  at  the  upper  portion  of  the 
girders^  it  is  the  lower  bracing  that  will  have  to  resist  the  actio^^ 
of  the  wind. 

The  stresses  due  to  the  trains  and  to  the  sleepers,  as  well  ^ 
those  applied  to  the  top  apices,  will  therefore  have  to  be  tranS* 
mitted  to  the  lower  apices. 

But  in  order  to  obtain  a  system  of  forces  equivalent  to  the  firs^ 
system  it  will  be  necessary  to  add  to  these  forces  conveyed  tP 
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principal  girders,  the  lower  bars  of  tba  teneion  and  compresedoo 
members  and  cross-shaped  bracings,  gives  the  form  of  girdeor  vhieh 
is  to  sustain  the  stresses  transmitted  to  the  lower  apicee  (see 
sheet  20). 

It  has  been  shown  just  now  what  stresses  would  act  upon  each 
of  the  lower  apices.  To  these  must  be  added  the  effect  of  wind 
upon  the  independent  span  of  125  metres. 

These  effects  are,  158,347''  when  the  bridge  is  loaded, 
and  212,682  „        „  free. 

They  mast  be  applied  to  apex  17,  tiiat  is,  at  the  end  of  the 
cantilever. 

To  these  effects  we  must  further  add  couples  similar  to  thou 
mentioned  above.  The  effect  of  these  couples  is  to  load  vertdcallj 
the  main  girders  with  a  weight  equal  to — 

124.698'^  when  the  bridge  is  loaded, 
and  167,646'  „        „  free. 

These,  however,  will  only'  have  to  be  considered  in  calcnlatioiu 
referring  to  the  heavier  trains. 

In  the  case  of  the  lower  bracing,  there  will  have  to  be  con- 
sidered at  the  end  of  the  cantilever  a  moment  of  flexure  eqntl 
to  and  acting  in  the  opposite  direction  to  the  moment  at  tint 
junctions  of  the  lower  bracing  of  the  central  girder. 


On  Sheet  20  the  diagrams  will  be  found  which  serve  to  dete^ 
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Aggr^ate  weight  of  all  the  bars  of  the  lower  bracings : — 


In  a  central  span  of  300  metres  .       • 
In  two  cantilever  anna  of  187*5  metrea 


370,468 
431,144 


Inclined  Bracings. — The  bracings  which  connect,  twos-and- 
twos,  the  struts  or  compression  members  of  the  main  girders,  must 
be  capable  of  transmitting  to  the  lower  apices  those  stresses  acting 
on  the  top  apices. 

The  tensions  and  the  compressions  of  the  bars  of  these  bracings 
may  be  determined  by  simple  diagrams,  such  as  are  used  in  statics. 

Stresses  are  also  developed  in  the  straits  of  the  main  girders. 

The  following  tables  give  the  results : — 


Weight. 

Main  Ban  of 
Girders. 

Bridge  Loaded. 

Bridge  Free. 

Tons. 

Tons. 

a 

9,170 

14,600 

b 

9,170 

14,600 

d 

9,170 

14,600 

f 

9,170 

14,600 

U 

8,294 

13,000 

X 

6,969 

10,900 

k 

4,686 

8,100 

m 

2,217 

3,680 

0 

0,746 

1,250 

<7 

0,311 

0,350 

Total  weight  of  the  inclined  bracings : — 


In  the  central  span  of  300  metres      .... 
In  the  two  cantilever  ai^ns  of  187*5  metres,  each     . 


Tons. 

45,584 

41,006 


CorrMpondtng 

WaiRht  of 

Ban. 

Cross  Bndngs- 
Tons. 

a 

5,698 

b 

6^698 

d 

6^698 

f 

5,698 

9 

5,877      j 

\ 

5,717 

k 

4,897 

m 

8,807 

0 

0,335 

Total  .    .    . 

0,370 

43,295 

Calculation  of  Effects  due  to  Couples. — The  nature  of  these 
effects  having  been  indicated  above,  the  results  of  the  calculations 
will  alone  be  here  stated. 
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4,  The  Tension  and  Compression  Members  oftlie  Main  Oirders. 
The  same  methods  of  calculation  are  here  adopted  as  in  the 
ase  of  the  independent  span.     The  results  are  as  follows  : — 


""TK""' 

T„£'i,'d'5.„- 

c™^a.„. 

Wdglit  at 
TemlDn  ind  Com- 

3 
5 
7 

Tom. 
4,B28 
6,412 
6,593 
6:332 

» 
11 
13 
16 

Tonfc 
3,784 
2,134 
1,116 
0.541 

5.  Main  Girders. 

Each  main  girder  comprises  a  central  span  of  300  metres,  and 
:he  two  adjacent  overhanging  portions  of  187,500  metres  each. 

What  has  now  to  be  determined  is  the  weight  that  will  enahle 
iach  girder  to  resist  vertical  strains.  Such  strains  are  due  to  a 
variety  of  causes : — ■ 

To  the  weight  of  the'plates,  rails,  &c 

To  the  weight  of  the  sleepers  under  the  rails. 
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To  the  weight  of  the  beams. 

To  the  weight  of  the  bars  of  the  lower  bracings. 

To  the  weight  of  the  bars  of  the  inclined  bracing. 

To  the  weight  of  the  members  and  struts,  which  is  necessary  to 
enable  them  to  withstand  the  effects  of  the  wind. 

To  the  vertical  stresses  due  to  the  wind. 

To  the  weight  of  the  secondary  bars  of  the  girdera. 

To  the  effects  due  to  the  independent  span  of  125  metres. 

To  the  additional  load  due  to  trains  (assumed  to  be  at  the  rate 
of  3  tons  per  metre  of  girder) ;  and  lastly, 

To  the  weight  of  the  girders  themselves. 

With  the  assistance  of  the  preceding  tables,  the  strains  that 
can  be  applied  to  each  main  apex  of  the  girder  may  be  readily 
determined. 

Owing  to  the  method  of  construction  of  the  girder,  the  weights 
of  the  lower  members  and  of  the  struts  of  the  girder  may  be  re- 
garded as  transmitted  to  the  lower  apices ;  the  top  apices  only 
being  loaded  with  the  weight  of  the  top  members. 

The  following  table  indicates  the  strains  that  are  known,  as 
applied  to  the  apices  of  half  of  a  girder : — 


Apices. 

Ca80  of  Bridge  Loaded. 

Case  of  Bridge  Free. 

Tons. 

Toiw. 

0 

170,234 

105,037 

2 

498,214 

484,020 

4 

539,346 

531,195 

6 

743,027 

823,004 

8 

506,144 

486,451 

10 

386,766 

371,655 

12 

266,622 

218,074 

14 

170,439 

115,351 

16 

83,908 

38,026 

17 

483,187 

1 

326,760 

The  inspection  of  this  table  shows  that  the  case  of  the  bridge 
being  loaded  is  the  most  unfavourable  one.  We  will,  therefore, 
take  the  figures  of  the  second  column  for  the  calculations  of  the 
girders. 

Assuming  that  the  approximate  weight  of  the  members  of  the 
girder  is  found  by  any  convenient  method,  such  weight  will  have 
to  be  distributed  among  the  different  apices,  and  by  adding  it  to 
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the  figures  of  the  foregoing  table  we  will  obtain  a  fresh  series  of 
loads  that  may  serve  as  a  base  for  a  second  approximate  estimate 
of  the  weight 

By  repeating  the  same  process  a  third  approximate  figure  can 
be  obtained,  and  the  calculation  may  thus  be  continued  until  two 
consecutive  approximations  represent  as  nearly  as  possible  the 
weight  of  a  semi-girder.  The  stresses  developed  in  each  member 
of  the  girder  have  been  represented  statically. 

The  final  approximations  are  shown  in  the  diagrams.  The 
results  are  as  follows : — 


Central  Span. 

Cantilever  Arms. 

We:gbt  of  Membera. 

Weight  of  Struts. 

Weight  of  Members. 

Weight  of  Struts. 

I 
H 

;     G 

P 
E 
D 

I' 
H' 
G' 
¥* 

E' 

ly 

Tons. 

1.633 

9,413 

22,558 

43,679 

79,477 

145,143 

4,528 

16,320 

33,340 

59,976 

106,670 

172,280 

9 
V 

0 

n 
m 
I 

k 

■ 

i 
h 

9 

Tons. 

4,927 

9,485 

6,421 

14,706 

12,121 

28,261 

26,070 

56,578 

57,525 

108,914 

117,233 

C 
B 
A 
C 
B' 
A' 

Tons. 

144,321 

107,987 

92,442 

121,117 

96,293 

45,088 

/ 
e 

d 

e 

b 

a 

Tons. 
156,976 
122,537 
65,780 
59,267 
19,488 
13,669 

These  are  the  weights  necessary  to  resist  vertical  strains. 
To  determine  the  real  weights,  the  stresses  due  to  the  action  of 
wind  should  be  added. 
Thus  the  total  weights  of  the  two  main  girders  are  as  follows : — 

In  one  central  span  of  300  metres    .        •        •        «        •      5,879'684  tons. 
For  the  two  cantilever  arms  of  187*5  metres  each    •        .      5,594*104    „ 

The  diagrams  on  Sheet  19  *  show  that  owing  to  the  incline  of  the 
girders  the  compression  stresses  are  developed  in  the  lower  bars  of 
the  struts ;  it  has  been  ascertained  that  they  are  capable  of  sus- 
taining these  stresses. 


§  3.  Metal  Columns. 

In  determining  the  stability  of  the  metal  columns  the  following 
two  cases  have  been  considered : — 

*  These  diagrams  have  not  been  reproduced  in  the  Journals — So. 


1 1 6  THE  CHANNEL  BBIDGE. 

1.  When  the  wind  acts  horizontally  and  at  right  angles  to  the 
longitudinal  axis  of  the  bridge,  or  transversely  to  the  bridge; 
and 

2.  When  the  wind  acts  horizontally,  and  in  the  direction  of  ihe 
longitudinal  axis  of  the  bridge. 

In  these  two  cases  the  thrust  at  the  head  of  the  columns  due  to 
expansion  is  added  to  the  effects  of  the  wind. 

In  the  first  case,  the  surfaces  exposed  to  the  wind  are,  wiQi 
regard  to  the  superstructure,  those  which  have  been  determined  by 
the  calculations  of  the  bracings  of  the  main  girders ;  and  in  r^ard 
to  the  metal  columns,  they  represent  the  sum  of  the  diametrical 
surfaces  of  the  piers,  which  are  considered  as  invariable  throughout 
their  height. 

In  the  second  case,  the  vertical  projections  of  the  members  of  the 
girders  of  the  lower  and  upper  bracings  (supposed  to  be  flat  for  a 
distance  equal  to  the  heights  of  the  sums  of  the  girder  braces) 
and  the  sum  of  the  vertical  projections  of  all  the  remaining  bars, 
beams,  &c.,  have  been  taken  into  account  in  dealing  with  the 
superstructure. 

Considering  that  all  these  members  are  comparatively  dose 
to  each  other,  it  is  amply  sufficient  to  take  half  of  the  total 
surfaces.  In  the  case  of  the  metal  column  the  sum  of  the  super- 
ficial diameters  of  the  two  piers  and  of  the  five  rows  of  pier 
bracings  has  been  taken. 

The  wind  pressures  are  the  same  as  those  assumed  in  the  calcu- 
lations of  the  floor,  that  is  to  say,  270  kilogrammes  per  square 
metre  in  the  case  of  the  superstructure  being  free  from  any  load, 
and  170  kilogrammes  when  the  superstructure  is  loaded  by  trains. 
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Wind. 

TransverM. 

LongitndinaL 

Floor  Free. 

Floor  Loaded. 

Floor  Free. 

Stress  of  wind  pressure  upon  400  metres 

of  soperstractare  effecting  a  metal 

pier . 

2 -0507 

1-455T 

767t 

Height  of  the  centre  of  pressure  above 

the  axis  of  the  lower  member  . 

20m,  1 

19m,4 

24m,3 

Weight  of  400  metres  of  superstruc- 

1 

tnre  effecting  the  metal  column 

7-162T 

7 -1621 

7-162T 

Inner  framings  of  the  lower  members 

on  the  right  of  the  supports 

30t 

80t 

30t 

Overcharge  of  6  tons  per  running  metre 

of  bridge  •••••• 

Total 

••• 

2*400t 

••• 

7-192T 

9  •592T 

7-192T 

Weight  acting  on  one  pillar  . 

3-696T 

4  7961 

3 -5967 

1.  StdbUiiy  under  the  Action  of  Transverse  Wind. 

Bed  Plates, — ^The  greatest  load  supported  by  a  bed  plat^  is  that 
which  results  at  the  time  when  the  bridge  is  subjected  to  additional 
load. 

The  distance  between  the  base  of  a  bed  plate  and  the  axis  of 
the  lower  member  is  1*4  metres. 

The  load  is  expressed  by  the  following  formula : — 

Load  due  to  the  superstructure    •        •        •    4796  tons. 
Load  due  to  the  bed  plate  and  accessories    •  6  tons. 

P  =  4802  tons. 

M,  being  the  moment  of  overturn  under  the  action  of  the  wind, 
is  equal  to  1*455  tons  x  (19'4m.  x  l*4m.)  =  30*26  tons. 
S,  being  the  distance  of  the  columns,  equals  25  metres. 

C  =  6,012*6  tons. 

The  surface  of  support  for  the  bed  plate  is  2m.  =  •5m.  =  Im*. 
The  crushing  stress  is  equal  to — 

K  =  6k  per  square  millimetre. 


118 


THE  CHANNEL  BRIDGE. 


STABILITY  ABOVE  THE  ROLLERS. 
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expansion  slides  is  required  to  resist  equals  6196  tons.  The  weight 
of  ten  rollers  together  is  45  tons.  Each  roller  supports  at  its  base 
a  load  of 

6L9«  +  41=624-.lton8.    ' 

lU 

The  strain  per  unit  of  surface,  according  to  M.  Ck)ntainin,  is— 

64  7V2" 
B  being  the  stress  to  be  determined. 
E  the  modulus  of  elasticity  =  22-5  x  lO*. 
Q  weight  of  a  roller  =  624,100. 

/  length  of  a  roller  =  .  3m.    . 

T  radius  of  a  roller. 
;  ^K  =  ll-5lKper»/„«        -      •       • 

The  thrust  whereby  the  rollers  are  set  in  motion,  which  will  be 
considered  farther  on,  is  equal  to— 

.  F  =  ^  -  Q  for  each  roller. 

\  2r 

a  being  the  width  of  the  deformed  portion  that  has  undergone 
expansion.  

«  =1  \/W'-  0.000.529  '   /T~ 

Circular  Eoller  Supports. — The  supports  rest  upon  columns 
by  means  of  a  circular  support  2*75  metres  in  radius.  They  are 
formed  of  two  circular  plates  of  60  millimetres  thickness,  the 
inner  distance  between  them  being  1*28  metres.  They  are 
strengthened  by  ribs  and  crowns  of  sheet-iron,  and  by  angle  irons. 
The  total  pressure  sustained  by  the  rollers  is  6241  tons.  The 
rectangle  formed  by  the  end  rollers  has  a  surface  of — 

4-2m  X  3in  =  12 -2111  -6. 

The  pressure  per  square  metre  is  equal  to— 

6241       .Q^ , 
12-6   ^  ^^^  ^'''• 

Supposing  that  the  load  is  the  same  throughout  the  surface  of 
the  plate,  the  maximum  stress,  according  to  the  formula  of  MM. 
I^vy,  would  be — 
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The  co-efficient  118  is  the  allowance  made  for  the  fittings  and 
rivetings. 

TT  being  the  specific  gravity  of  the  steel  =  7*8. 
/  being  the  length  of  the  segment  of  pier  under  considera- 
tion. 
These  two  expressions  will  give — 


P  +  P  + 


p  = 


Mn 


R 


-1 


1,18  IT  / 

Thus  it  is  this  formula  which  serves  to  determine  the  weight 
of  the  segments  of  the  pier.  The  load  is  less  than  that  indicated 
in  the  case  of  a  longitudinal  action  of  the  wind,  and  it  is  only 
mentioned  here  in  passing. 

Stability  at  the  Base  of  the  Piers. — The  conditions  of 
stability  under  the  action  of  transverse  wind  are  indicated  in 
the  following  table : — 


Particulars. 


Bridgo  Free.    ,  Bridge  Loaded. 


Wind  on  •nperttructnre' 

Height  of  centre  of  pressure  . 

Moment  of  overturn 

Wind  upon  expansion  slides  . 

Height  of  centre  of  pressure  . 

Moment  of  overturn 

Wind  on  piers 

Height  of  centre  of  pressure . 

Moment  of  overturn 

Total  moment  of  overturn     . 

Total  stress  of  wind  at  base  . 

Weight  of  metal  flooring 

Weight  of   supporting  apparatus 

*  and  metal  columns  . 
Total  weight .... 

Half  distance  between  the  piers 
Moment  of  stability 

Batio  of  moments . 

Relation  of  the  stress  of  the  wind 
to  the  load 


V 

if 
vg=m 

m+m'+m"=M 
P 


S-OSOt 

1-455P 

6Im,l 

68m,4 

125*255Tm 

87  8S2m 

6t 

St,8 

38m,55 

38m,55 

23lTm,3 

14GnD,5 

16^r 

I02T 

18m,75 

18m,75 

3-037Tm,5 

l-912rm,6 

128*523Tm,8 

89-94lTm 

2'218t 

1-560t,8 

719:?r 

9,502t 

' 

p' 

l-982r 
9174T 

l-982r 
11-574T 

« 

T" 

12m,5 

12m,5 

{ 

M, 
M. 

M. 
V 

P 

U4-67&rm 
0,89 

0,24 

144-67GTm 
1.6 

0.13     i 

Substructure  of  Piers. — The  substructure  of  the  piers  pro- 
duces maximum  pressures  on  the  masonry  in  the  case  of  wind 
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acting  longitudinally.  The  calculations  in  this  connection  are 
reproduced  farther  on. 

Anchor  Tubes. — ^When  the  bridge  is  not  loaded,  the  stability  at 
the  base  of  the  piers  can  only  be  ensured  by  means  of  anchorings 
or  holding-down  bolts. 

The  pull  on  these  pieces  is  represented  by  this  formula. 

0 

M  being  the  moment  of  overturn  at  the  base  of  the  piers  =  25nu 

9*74 
o  the  distance  between  the  piers  =  —^  =  4*587t. 

P  the  weight  acting  on  the  base  of  the  piers  =  T  =  554 
The  section  of  the  centre  tube  alone  is  '3237  square  metres. 
The  strain  at  the  anchorings,  therefore,  is  insignificant.    ' 
Anchor  Bolts. — By  the  effect  of  expansion  the  tubes  are 
caused  to  oppose  little  resistance  to  the  overturning  strain,  being 
situated  in  the  centre  of  the  piers,  but  here  the  anchoring  bolts 
have  to  be  considered.    They  have  a  maximum  stress  to  sustain  in 
the  case  of  longitudinal  wind.     We  will  refer  to  them  farther  on. 

Stabilfty  of  the  Masonry  at  the  Level  of  the  Tie-Bands. 
— The  height  of  the  masonry  that  is  subject  to  the  eflfects  of 
anchoring  must  be  such  as  to  prevent  lifting. 

The  maximum  and  minimum  pressures  may  be  represented  by 
this  formula — 

p    P+p     Mn 

.      •      • 

The  quantities  expressed  in  this  formula  are  indicated  in  the 
following  table : — 

Weight  of  metal  parts 

Height  of  anchoring 

Surface  at  the  top  of  the  masonry .... 
Weight  of  masonry  without  the  sloping  portion 
TotiJ  weight  at  level  of  tie-bands  .... 
Moment  of  overturn  at  level  of  substructures 
Streai  of  wind  at  level  of  substructures . 

Moment  of  overturn 

Streis  of  wind  upon  masonry  .... 

Moment  of  overturn 5 

Total  moment  of  overturn m  +  m'  +  m"=M 

Vsliieofw 

Value  of  I 

I*>^ure  upon  masonry  on  the  windward  side 
'    PvMrare  upon  masonry  on  the  leeward  side  . 
^otal  pressure  of  wind 

Relation  of  wind  to  the  load  .        .  .  < 


p 

1          9-174T 

A 

Hm 

S 

625m2,8 

P 

21-028T 

P+iJ 

80-202T 

m 

128-523Tm,8 

V 

2 -2181 

vh  =  m' 

31052Tm 

v' 

64t,4 

2 

450Tm,8 

hm'  +  m"  =  M 

160026Tm,6 

n 

21m 

I 

77  991,6 

C 

Ok,  5  par  cm.' 

C 

9k,  1  par  cm.' 

r  +  i;'  =  V 

2-282t,4 

V 
P  +  P 

0,076 
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The  expansion  which  tends  to  oyerturn  the  column  in  the  direc- 
tion of  the  length  of  the  bridge  does  not  to  an  appreciable  extent 
alter  the  results  indicated  above. 

2.  Stability  under  the  Action  of  Longitudinal  Wind, 

When  the  action  of  wind  is  longitudinal,  the  thrust  felt  at  the 
head  of  the  piers  joins  the  strain  due  to  expansion.  The  piers 
which  support  the  rollers  cannot  exercise  a  resistance  more  powerfal 
than  is  the  strain  which  is  capable  of  setting  such  rollers  in  motion. 
The  consequence  is  that  the  difference  is  transmitted  to  the  pieis 
with  fixed  supports,  those  without  expansion  rollers.  The  greatest 
overturning  strain  further  acts  upon  the  piers  on  the  leeward, 

without  expansion  rollers,  when  the  bridge  is  not  loaded, 

M 

The  vertical  strain  that  acts  above  the  rollers  is  equal  to  P  ±  — • 

a 
The  values  of  this  formula  are  indicated  in  the  following:  table:— 

Weight  of  metal  parts  on  pier P  8'6S3t 

PrcMure  of  wind  upon  800  metres  of  girder    ...  V  i         767t 

Height  of  centre  of  pressure  aboye  the  rollers        .        .  H  |  27in,8 

Moment  of  overturn         • VH  =  M  21'v^2nD,6 

Distance  of  piers d  dOOm 

Vertical  stress  upon  rollers  (windward  piers) .        .        .  ...  3'592t 

Vertical  stress  upon  leewara  piers ...  j      373II 

Load  upon  one  roller  8;^  ±J5T q  ,  aeS'TOOk 

Co-efficient  of  rolling  friction  according  to  the  formula 

foundbefore,  namely,  0,000-529  v/q'=       ...  K  j  0,038 

Strain  required  to  set  the  rollers  in  motion    •        .        •     S-GdZx  x  0,038  •         138r,3 

Method  of  Determining  the  Strains  at  the  Head  of  the 
Pillars  above  the  Level  of  the  Rollers. 


i^am^B^d^ 


.V  Wind  yffjT      ^  \ 


With  rollers.  Without  rollou 
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-►  138t,2     . 

• 

.    Contraction     . 

■ 

.    138T.2  ^ 

-►      0 

• 

.     Wind       . 

• 

.      67t      -► 

-►  13»r,2     . 

• 

.    Resultant 

• 

.    62»r,8  -► 

Thus  the  pillars  at  their  heads  have  to  sustain  a  maximum 
jtrain  of  628T.8. 

Metal  Piers. — The  piers  support  the  weight  of  all  the  metal 
[>artS9  and  at  the  same  time  resist  the  action  of  longitudinal  wind 
ind  the  flexure  produced  by  the  horizontal  stress  at  the  heads, 
sehich  is  628T.8,  being  due  to  the  combined  effects  of  the  wind  and 
;he  expansion  of  the  superstructure 

Taking  any  desired  section  of  the  pier,  we  must  have 

£  being  the  strain  sustained  by  the  metal  per  unit  of  section  = 

12  kilogrammes  per  square  millimetre. 
P  weight  of  the  known  metallic  parts. 
p  weight  of  part  of  the  pier  under  consideration  (the  value  of 

this  has  to  be  determined). 
M  moment  due  to  the  horizontal  stress  at  the  head  of  the  pier. 
m  moment  due  to  the  stress  of  wind  acting  upon  the  bracings, 

such  stress  being  centred  upon  each  apex, 
m'  moment  of  force  of  the  wind  upon  the  pier, 
n  distance  of  web  farthest  from  the  centre  of  gravity  of  the 

section* 
7^  the  section  of  the  radius  of  gyration  of  the  section  under 

consideration. 
S'  section  of  part  of  pier  of  a  value  of 

P 

.^^"iTs^ 

V      I' 

118  being   the  co-efficient   which   makes  allowance   for  the 

fittings  and  rivetings. 
IT  specific  gravity  of  steel =7*8. 
I  length  of  the  pier  segment  under  consideration. 
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From  these  two  expressions  the  following  formula  results : — 


n 


P  +  -2(M  +  w  +  m')    • 


R 

l-187r/ 


-1 


The  weight  of  each  of  the  parts  of  the  pier  has  been  determined 
with  the  assistance  of  this  formula.  The  minimum  thickness  of 
10  millimetres  has  been  maintained  with  regard  to  all  the  samples 
of  steel  of  which  the  sections  are  composed. 

Stability  at  Base  of  Piers. — The  stability  at  the  base  of  a 
pier  cannot  be  given  unless  by  taking  into  account  the  anchor 
bolts.  The  foundation-plate  in  contact  with  the  masonry  presents 
a  circular  surface  with  portions  cut  out 

The  maximum  pressures  transmitted  by  this  plate  to  the  masonry 
are  expressed  by  the  following  formula : — 

P  .  Mn 

S 

the  values  of  whicli  appear  in  the  following  table : — 


C  =  .±g^^. 


Vertical  load  above  rollers 

Weight  of  the  parts  of  the  pier  situated  above  the  ) 
upper  level  of  the  rollers        .         .         .         .  ( 
Total  vertical  load  upon  superstructure  of  pier 
Surface  of  foundation- plate 

Crushing  strain  on   masonry  per  square   centi-  ) 

metre | 

Horizontal  stress  on  head  of  pier  .... 
Height  of  centre  of  action  above  the  substructure 

Moment  of  overturn 

Wind  upon  bracings 

Height  of  centre  of  pressure  .... 

Moment  of  overturn      ...... 

Wind  on  pier         ....... 

Height  of  centre  of  pressure  .... 

Moment  of  overturn 


S 
P 

s 

F 

H 

FH=ii» 

V 

h 

vk=m' 

t/ 

h' 

vT=m" 


Total  moment  of  overturn m  +  fii'  +  m"=M 

External  radius  of  the  foundation-plate         .         .  n 

Square  of  the  radius  of  gyration    .... 

Effect  on  masonry  from  flexure  per  square  centi'  ) 
metre { 

Maximum  compression  on  the  leeward  side  per ) 
square  centimetre { 

Maximum  compression  on  the  windward  side  per  i 
square  centimetre J 

Horizontal  stress  at  level  of  substructure 


Mn 
Sr« 

C 
O 


Relation  of  horizontal  stress  to  vertical  load 


F  +  v-l-i/ 
F  +  v  +  i/ 


8734T 

924T 

4*658t 
69m*,68 

6k,7 

628t  ,8 
87m,5 
23'580Tm 
74t,6 
17m,8 
l-327Tm,9 
82t,5 
18m,75 
1 -546^,9 
26'454Tm,8 
6m,2 
10,97 

+  2lk,5 

28k,2 

-  14k,8 
785t,9 

0,17 
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The  anchor  bolts  or  holding-down  bolts  oppose  the  overturning 
tendency.    Their  maximum  tension  is  assumed  to  be — 


f-m  -  ')■ 


The  values  of  this  formula  are  as  follow : — 


Diameter  of  bolt  .        •        •        • 
Sum  of  Bection8  of  12  bolts  • 
Moment  of  oyertum     . 
Radius  of  drde  of  bolts,  virtual  value 
Square  of  radius  of  gyration 
Vertical  loads       .... 
Maximum  tension  per  square  millimetre 


Om  ,25 

0m»,589 

26.454Tm,8 

n 

6m  ,66 

r» 

16     ,4 

P 

4.658T 

t 

8k  ,26 

Stabiutt  at  Base  of  Anchor  Bolts. — The  maximum  and 
minimum  loads  on  the  masonry  at  the  level  of  the  tie-bands  is 
expressed  in  the  following  formula : — 


the  different  values  of  which  are  indicated  in  the  following  table : — 

Weight  of  metal  parts  for  two  piers  .  •  • 
Height  of  anchorings  •••... 
Surface  of  masonry  at  top  ..... 
Weight  of  masonry  without  the  sloping  portion  . 
Total  weight  at  level  of  tie-bands 
Moment  of  overturn  at  level  of  substructures  of  ) 

the  two  piers ) 

Horizontal  stress  at  level  of  substructures    . 

Moment  of  overturn 

Stress  of  wind  upon  masonry 

Moment  of  overturn 

Total  moment  of  overturn 

Valne  -  of  the  surface  of  the  masonry 
» 

Crushing  stress  per  square  centimetre 

Maximum  flexure  per  square  centimetre       • 

Minimum    pressure  on  windward  masonry  per 

square  centimetre 

Maximum  pressure  on  leeward  masonry  per  square 

centimetre 

Hori2M>ntal  stress  at  level  of  tie-bands  . 

Relation  of  horizontal  strains  to  load  • 


■ 


p 

9'316t 

A 

14m 

S 

625m',8 

P 

21 -0281 

P+P 

30-344T 

M 

52'909Tm,6 

F 

1-571T   ,8 

Th  =  m' 

22-006Tm,2 

=  v 

158T  ,8 

2 

llllTm,6 

m  +  m'  +  m"  =  M 
I 

n 

76-026Tm,4 

1-688  ;  ,6 

P  +  P 

S 

4k  ,8 

Mn 

I 

I4k  ,5 

C 

ok^a 

C 

9k  .3 : 

F  +  v 

1-730T   .6 

F  +  v 

Pj.« 

0     ,067 
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DISCUSSION. 

The  President  said  that,  before  asking  any  one  to  open  the 
discussion,  he  thought  he  ought  to  9ay  that.it  was  desirable  that 
members  should  confine  themselves,  in  the  consideration  of  the 
paper,  to  the  question  as  it  affected  the  use  of  iron  and  steel,  and 
also  as  to  its  mechanical  construction.  The  political  questions 
and  the  questions  of  navigation  which  arose  were  not  subjects 
that  the  Institute  would  consider  itself  competent  to  treat.  He 
would,  therefore,  ask  members,  in  discussing  the  paper,  to  confine 
themselves  to  the  points  affecting  them  as  members  of  the 
Iron  and  Steel  Institute,  and  as  mechanical  engineers.  It  would 
be  very  appropriate  if  the  discussion  was  opened  by  their  past- 
President,  Mr.  Daniel  Adamson,  who  was  competent  to  deal  with 
many  of  the  questions  raised  in  the  paper. 

Mr.  Daniel  Adamson  said  he  should  be  very  glad  to  follow 
the  lines  that  the  President  had  shadowed  forth,  but  he  had  an 
impression  that  it  would  be  impossible  to  look  at  this  great 
international  subject  without  considering  its  ultimate  value,  and 
whether  they  or  the  French  nation  might  not  be  giving  twenty- 
five  shillings  for  a  sovereign.      The   probabilities   of   carrying 
out  this   proposed  project   depended,  of   course,  on   commercial 
considerations ;  and  in  competition  with  it,  they  had  also  before 
them,  that  which  had  repeatedly  been  made  known,  both  in 
France  and  in  other  countries  of  Europe,  the  prospective  con- 
struction of  a  tunnel,  and  a  tunnel  through  ground  that  was 
exceedingly  favourable   for  such  an  undertaking.     They  could 
not    hide    from    themselves    the    fact   that   any   superstructure 
carried  across  such  a  channel  must  largely  interfere  with  the 
free   pathway   of  nations,  which  had  a  right  to  run  steamers 
in  every   direction   at  will   without   interruption.      They  were 
also  bound  to  look  at  what  would  be  the  real  and  prospective 
position   of   international    competition    ten   years    hence,    when 
this  great   structure   would  be  likely  to   le  completed,  if  the 
money  was  ever  found  to   commence  it  with.      It  was  more 
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structure  were  concerned,  he  thought  they  might  rest  assured 
that  there  would  be  no  risk  of  failure.  If  there  was  failure  at 
all,  it  must  be  in  the  piers  or  the  foundations,  subject  as  they 
would  be  to  the  action  of  the  waves,  and  resting  in  a  position 
where,  perhaps,  it  would  be  somewhat  difficult  for  human  eneigj 
to  make  them  secure  in  every  case.  Presuming,  however,  that 
the  structure  was  finished,  and  all  made  secure,  he  thought  it 
would  be  more  liable  to  accident  than  any  other  means  of 
getting  across  the  Channel.  A  single  collision,  knocking  a  piece 
of  the  structure  into  disorder,  would  be  very  likely  to  stop 
operations,  and  the  traffic  on  the  bridge,  for  six  or  twelve  months 
afterwards,  a  circumstance  very  undesirable  for  those  who  might 
have  the  courage  to  put  their  money  into  such  a  work.  The 
importance  of  this  subject  demanded  serious  consideration  from 
an  international  point  of  view,  and  he  was  not  one  to  blame  the 
authors  for  bringing  it  forward.  In  the  olden  times,  there  had 
been  as  much  said  against  new  developments  as  could  be  said 
to-day,  and  raUways  in  their  infancy  met  with  even  greater  opposi- 
tion than  this  bridge  had  encountered  at  present.  Seeing,  there- 
fore, the  ultimate  advantages  that  the  authors  might  suggest,  he 
(Mr.  Adamson)  was  bound  to  confess  that  he,  for  one,  would  never 
say  a  harsh  word  against  an  enterprise  which  had  for  its  foun- 
dation the  commercial  development  of  nations,  and  the  increase 
of  the  peace  and  comfort  of  all  peoples.  Under  all  the  circum- 
stances, they  were  bound  to  give  a  hopeful  and  encouraging 
expression  to  those  who  were  deeply  and  directly  interested  in 
such  a  great  national  and  international  work  as  hetd  been  sub- 
mitted to  them  that  morning,  and  he  agreed  with  the  President 
that  it  was  a  great  honour  that  this  paper  should  have  been 
offered  for  the  consideration  of  the  members  of  the  Iron  and 
Steel  Institute. 

Mr.  Tylden- Wright  said  he  should  not  like  the  discussion 
to  close  without^  a  warm  expression  of  thanks  to  the  authors  on 
the  part  of  one  who  had  taken  a  considerable  interest  in  the 
question  of  the  Channel  Tunnel.  Those  who  had  believed  in 
that  enterprise,  and  done  what  they  could  to  support  it  during 
the  last  six  or  seven  years,  were  very  much  pleased  that  there 
«aa  another  scheme  now  prepared  to  help  them  in  pushing  and 
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Chemically  the  change  in  producing  this  water-gas  is  expressed 
by  H,0 + C  =  H, + CO.  Now,  the  heat  required  to  tear  away  hydro- 
gen from  its  associated  oxygen  in  water  is  not  less  than  that  which 
is  evolved  when  these  two  gases  unite;  hence  2x34,200  =  68,400 
calories.  The  weight  of  the  combining  equivalent  of  the  carbon 
required  to  effect  the  change  is  twelve  times  that  of  the  two  units 
of  hydrogen,  and  the  heat  generated  by  this  quantity  of  carbon 
being  burnt  to  carbonic  oxide  is  12x2400  =  28,800.  Thus  some- 
thing more  than  14^  units  of  weight  of  carbon  will  be  required 
to  generate  one  unit  by  weight  of  hydrogen. 

Now  as  only  six  units  of  carbon  are  being  burnt,  in  the  cylinder, 
for  this  quantity  (one  unit)  of  hydrogen,  it  will  easily  be  and6^ 
stood  that  the  incandescent  carbon,  which  has  served  to  generate 
the  water-gas,  is  very  speedily  cooled  below  the  temperatare 
required  for  the  decomposition  just  described.  When  this  point 
is  arrived  at,  the  steam  is  shut  off,  and  air  is  turned  on  again, 
in  order  to  obtain  a  store  of  heat  ready  for  a  further  production 
of  water-gas.  Thus,  it  will  be  seen,  the  operation  consists  in 
alternately  making  producer-gas,  which,  when  using  coke,  is  a 
mixture  of  carbonic  oxide  and  nitrogen,  and  water-gas,  with 
which  we  are  now  more  immediately  concerned.  In  calculating 
the  amount  of  heat  required  to  supplement  that  generated  before 
commencing  to  make  the  water-gas,  all  we  need  to  know  is  the 
quantity  of  carbon  burnt  to  the  condition  of  producer-gas,  and 
that  which  enters  into  the  composition  of  water-gas.  According  to 
the  work  I  have  already  quoted,  25  per  cent,  only  of  the  actual 
carbon  used  enters  into  the  latter,  the  other  75  per  cent,  being 
converted  into  producer-gas,  containing  68  per  cent,  of  inert 
nitrogen.  From  25  parts  by  weight  of  carbon  there  will  be 
generated  of  water-gas  6250  parts,  containing  4*16  of  hydrogen 
and  58*34  of  carbonic  oxide.  The  producer-gas  from  the  remainder 
(75  parts)  of  the  carbon  will  weigh  551-19  parts,  of  which  376"19 
will  be  incombustible  nitrogen  and  175  carbonic  oxide.  The 
following  estimate  contains  the  full  quantity  of  heat  these  two 
gases  are  capable  of  generating  by  their  combustion : — 
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and  61  per  cent,  of  the  weight  The  carbon  in  the  coal  gas  amonnts 
to  109*52  grammes,  which  is  considered  to  remain  unchanged  in 
the  produ6er-gas. '  The  carbon  thus  burnt  for  the  producer-gas  is 
2*88  to  1  for  that  in  the  water-gas,  instead  of  3  to  1,  as  allowed 
in  the  description,  when  coke  was  employed. 

From  these  figures  it  follows  that  we  are  concerned  with  1041*4 
grammes  of  carbon,  as  carbonic  oxide  in  the  two  gases,  and 
10952  grammes,  contained  in  the  370  litres,  equal  to  206*83 
grammes,  of  coal-gas. 

The  heat  capable  of  being  produced  by  these  two  substances  is— 

Carbon,  1041 '4x8000 =8, 331, 200 +206 '88  ooal  gas  xl0.000=2,068,800=r  10,400,000. 

When  converted  into  water  and  producer  gases,  we  have  to 
deal  with  the  following  quantities  of  heat  by  their  combustion :— 


Waier-gai  oontaining  hydrogen  from  steam,  44  '8   grammes  x  29,400=1,317,190* 
„  „        carbonio  oxide,  625*0         „        x  2,400=1,600,000 


2,817,U» 


Producer-gas  containing  coal  gas,  206 '83  grammes  x  10,000=2,068,800 

carbonic  oxide,      180519       „        x  2,400=4,332,466 
nitrogen,  3921*23 

6,401,»6 


9,218,376 

These  two  sets  of  numbers  show,  therefore,  a  loss  of  11*36  per 
cent,  in  gasifying  the  coaL 

It  is  perhaps  worth  comparing  the  assertion  made  in  the 
pamphlet,  in  general  terms,  as  to  the  relative  proportion  of  carbon 
received  in  the  form  of  water-gas  and  as  producer-gas. 

In  the  equation  HaO  +  C,  we  have  Hf+OO  for  water-gas. 
>»         tf         O^+Cj,       „       3  CO  for  producer-gas. 

The  weight  in  the  two  equations  of  H  is  2,  and  that  of  carbon 
48,  or  1  of  H  to  24  of  carbon.  Of  oxidised  carbon,  in  the  example 
just  examined  when  using  raw  coal,  th^re  was  in  the  gases  44*8 
of  hydrogen,  and  1041*51  or  23*24  of  carbon,  for  1  of  hydrogen. 
Now,  the  heat  of  24  parts,  by  weight,  of  carbon  burnt  to  carbonic 
oxide  means  57,600  calories,  which  have  been  expended  to  obtain 
1  part  of  hydrogen,  which,  when  burnt  to  steam,  is  worth  29,400 
calories — the  loss  being,  therefore,  nearly  50  per  cent,  of  the  heat 
generated,  in  order  to  obtain  the  single  unit  of  hydrogen, 

*  Hydrogen  burnt  to  water  gives  34,200  calories,  and  to  steam  only  29,400  otloriei* 
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bered  that  this  less  important  combustible  gas  represents  some- 
thing like  68  per  cent,  of  the  heating  power  of  the  two  gases, 
against  32  contained  in  the  water-gas. 

I  am,  however,  at  a  loss  to  understand  whence  this  inference 
is  drawn  as  to  the  inefficiency  of  solid  fuel  The  raising  of  steam, 
and  smelting  the  ores  of  iron,  may  certainly  be  included  within  the 
category  of  "  ordinary  circumstances,"  and  yet  it  is  no  uncommon 
thing  for  fuel  to  evaporate  60  per  cent  of  its  theoretical  quantity 
of  water,  and,  as  regards  our  blast  furnace^  having  regard  to  the 
chemical  conditions  to  be  observed,  90  per  cent,  of  the  full  power 
of  the  fuel  is  accounted  for  by  the  duty  performed. 

To  account  for  a  supposed  inferiority  of  solid  fuel,  it  is  assumed 
by  the  author,  from  whom  I  am  quoting,  that  it  is  imperfectly 
oxidised.   I  have  to  do  with  a  large  number  of  boilers  fired  with  coal, 
and  at  the  Clarence  Works  we  frequently  consume  120  million  cubic 
feet  of  blast  furnace  gas  per  day.    I  am  prepared  to  assert  that 
oxidation,  in  my  experience,  is  as  complete  with  the  one  kind  of  fael 
as  with  the  other.    The  quantity  of  heat  evolved  by  each  is,  of  course, 
easily  ascertained — the  only  disturbing  cause  in  any  comparison    | 
between  the   two  is  the  volume  and  temperature  of  the  gases 
resulting  from  combustion.     In  this  particular,  no  doubt,  the  net 
loss  is  in  favour  of  water-gas,  because  the  exchange  of  carbonic    I 
oxide  for  hydrogen  necessarily  reduces  the  weight  of  the  chimney-    i 
gases  passing  away. 

I  propose  now  briefly  to  summarise  the  results  in  the  following    ■ 
manner : —  | 

1st.  A  specimen  of  coal,  containing  70  per  cent,  of  fixed  carbon,   I 
16  per  cent,  of  coal-gas,  and  14  per  cent,  of  ash,  nitrogen,  &c.,  vill 
be  examined  in  a  calorific  point  of  view,  and  its  power  stated  when 
simply  burnt  in  an  ordinary  furnace. 

2nd.  Producer-gas,  as  supplied  to  the  open-hearth  steel  furnace, 
obtained  from  the  same  coal,  and  its  heating  power  also  ascertained. 

3rd.  The  same  coal  converted  into  water-gas  and  producer-gas 
by  the  processes  described,  and  the  united  power  of  these  two 
products  calculated  as  before,  on  the  supposition  that  for  1  of 
carbon  in  the  water-gas  3  of  carbon  is  found  in  producer-gas. 

1.  Coal  as  burnt  in  an  ordinary  furnace :— 
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Calorie*. 
100  parts,  yielding  7200  calories  per  unit  =  .  .  .  .  720,000 
Ghimney-gatet,  ettimated  after  nuiking  the  necesmry  allowance 

for  oxygen  in  the  coals,  1129  units  x  427*"  o.  x  -24  Sp.  heat  =     115,700 
Lois  in  this  case  by  chimney-gases  is  equal  to  16*07  per  cent. 

2.  Prodacer-gas  from  the  same  coal  as  that  used  in  Siemens 
faraaces,  without  the  addition  of  steam. 

Calories. 
70  of  carbon  wiU  give  133 '33  of  carbonic  oxide  x  2400  =  391,992 

16*00  of  coal-gas  x  10,000  =         160,000 
Sensible  heat  transmitted  to  furnace    62,41 1 


614,403 
Heat  in  chimney-gases,  1129  x377''  o.  x  -24  S.  heat  =     102,151 
Loss  at  the  chimney  equal  to  16*61  per  cent. 

In  the  former  statement  respecting  producer-gas,  no  note  was 
taken  of  the  sensible  heat,  because  it  was  wished  to  compare  the 
heat  evolution  with  the  water-gas  process,  where  the  gases  are 
cooled 

3.  Water-gas  and  its  accompanying  producer-gas : — 

Calorie*. 
Water-gas,  17 '5  of  carbon  =  carbonic  oxide,  40*83x2400  =  97,992 
Hydrogen  from  steam  .        •    2  '926  x  29  '400      86,024 

184.016 


Producer-gas,  52-5  of  carbon = carbonic  oxide,  122  '5  x  2400    294,000 
Coal-gas 16x10.000    160,000 

454*000 


Sum  of  heating  power  of  water-gas  and  producer*gas    638,016 

Heat  in  chimney-gases  assumed  to  be  of  the  same  temperature 
as  that  when  burning  ordinary  producer-gas. 

779*7x377"  x  24  S.  heat  =  70,547  calories  =  11*05  per  cent. 

These  figures  intimate  that  each  100  units  of  the  three  kinds  of 
fuel  burnt  there  is  afforded  by — 

Coal,  83*93;  ordinary  producer-gas,  71*14;  water-gas  and  its  producer-gas,  78  SO. 

Of  course,  it  will  be  readily  understood  that  these  results  are  not 
given  as  effective ;  but  the  loss,  at  the  same  description  of  work, 
say  for  raising  steam,  being  considered  identical,  the  relative  value 
of  each  is  assumed  to  be  as  above  stated. 

In  cases,  however,  where  an  intense  temperature  is  required  in 
order  to  do  the  work  in  hand  quickly,  water-gas  may  be  highly 
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advantageous.  Some  years  ago  I  had  an  opportunity  of  seeing 
such  an  application  at  Essen  in  the  welding  of  corrugated  boiler 
tubes,  and  the  work  was  admirably  done. 

A  very  important  application  of  water-gas  is  mentioned,  viz.,  for 
illuminating  purposes.  For  this  object  the  gas,  itself  destitute  of 
any  value  in  this  direction,  is  made  to  heat  filaments  or  stems  of 
magnesia.  These  become  so  brightly  incandescent  as  to  vie,  it  is 
alleged,  with  the  electric  light,  and,  in  consequence,  water-gas  is 
largely  used  for  lighting  in  the  United  States,  instead  of  coal-gas. 

I  have  nothing  to  guide  me  in  forming  any  trustworthy  idea  of 
the  relative  quantity  of  water-gas  required  in  comparison  with 
ordinary  gas  for  a  given  amount  of  light.  In  the  pamphlet 
already  named,  9,000,000  tons  of  coal  is  given  as  the  yearly  con- 
sumption among  gasworks  in  this  country ;  and  upon  one  occasion 
it  was  mentioned  that  a  volume  of  coal-gas,  which  would  require 
a  36-inch  pipe  for  its  transmission,  might,  in  the  event  of  water-gas 
being  employed,  be  conveyed  in  one  of  IJ-inch.  If  this  be  true,  it 
means  that  water-gas  supposing  the  friction  to  be  the  same  in 
each  case,  which  is  far  from  being  the  fact,  is  at  least  810  times  as 
powerful  as  coal-gas,  which  is  probably  a  mistake. 

A  good  deal  of  stress  is  laid  on  the  application  of  water-gas  to 
the  manufacture  of  opeQ-hearth  steel.  I  doubt  whether,  in  an 
operation  where  a  more  moderate  heat  suffices,  it  can  be  worth 
while  to  seek  to  obtain  one  of  a  more  intense  character.  At 
one  steel-work  with  which  I  am  concerned,  the  ingots  were  formerly 
heated  in  Siemens  furnaces.  These  were  abandoned,  and  ordinary 
coal-fed  fires  used  in  their  place,  and  the  saving  of  fuel  effected  by 
the  change  has  been  very  marked.  I  should  therefore  be  some- 
what surprised  if,  with  longer  experience,  there  will  be  found  any 
material  advantage  in  using  the  water-gas  in  open-hearth  steel 
furnaces. 

It  would  appear  from  the  figures  used  for  representing  the  rela- 
tive values  of  ordinary  producer-gas,  compared  with  water-gas  and 
its  accompanying  producer-gas,  that  the  sum  of  the  latter  gives  a 
better  result  than  the  former,  viz.  78-80,  as  against  71'14.  The 
difficulty,  however,  will  be,  when  the  richer  gas  is  wanted,  to  find 
a  market  or  use  for  the  poorer,  which,  it  must  be  remembered, 
represents  71  per  cent  of  the  heating  power  of  the  whole.    Looking 
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The  aoove  quantity  of  water-gas  is  estimated  to  contain : — 

Carbon 1619 

Hydrogen.       ••••..         270 

1889  tona,  valued  at  43fl.  per  ton. 

If  we  take  1000  kilogrammes  as  being  equal  to  one  ton,  the  heat 
from  this  quantity  of  carbon,  as  it  exists  in  the  producer-gas,  viz^ 
as  carbonic  oxide,  may  be  stated  as  representing  (1000  x  5600 
calories)  5,600,000  calories. 

This  quantity  of  heat  could  be  obtained  by  the  combustion  of 
700  kilogrammes  of  carbon  (700  X  8.000  being  5,600,000  calories). 
Now  this  carbon  may  probably  be  taken  as  equivalent  to  800  kilo- 
grammes of  the  small  coke,  and  costing  therefore  about  Ss.,  against 
18s.  If d.  for  the  same  amount  of  heating  power  in  the  form  of 
producer-gas. 

The  water-gas  contains  in  1000  parts : — 

Calorics. 
857  of  carbon,  whioh  x  by   5,600  =  4 ,799,200 

143  of  hydrogen  „      x  by  32,480  =  4,633,200 


9,432,400 

To  produce  this  quantity  of  heat  from  pure  carbon  we  should 
require  ^'Vq^qo^^  =  1179  kilogrammes  of  this  substance.  If  we 
assume  this  quantity  of  carbon  to  represent  1350  kilogrammedof  the 
small  coke,  this  at  10s.  amounts  to  13s.  6d.,  which  appears  capable 
of  affording  the  same  quantity  of  heat  as  857  of  carbon  and  143  of 
hydrogen,  in  the  form  of  water-gas  costing  43s, 

From  what  has  preceded,  I  have  calculated  that  if  a  piven  quan- 
tity of  heat,  from  coke  burnt  direct,  costs  100 ;  that  from  water- 
gas  and  producer-gases,  according  to  Mr.  Samson  Fox's  estimate  of 
23.  8d.  for  gasification  of  the  carbon,  will  be  about  120,  and  accord- 
ing to  Mr.  Kupelwieser  of  13s.  2d.  about  200. 

These  calculations  are  my  own,  worked  out  upon  the  figures 
given  by  Mr.  Kupelwieser,  and  they  both  tend  to  show  how  largely 
the  cost  of  fuel  was  increased  at  Wilkowitz  by  the  process  of  gasi- 
fication. This  gentleman  then  goes  on  to  observe  that,  according 
to  his  experience,  gas  obtained  from  coal  in  good  producers  gives 
perfectly  satisfactory  results  in  open-hearth  furnaces,  and  that  in 
nearly  all  cases,  such  furnaces  are  worked  more  economically  with 
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ordinary  producer-  than  with  water-gas.  At  the  same  time  he 
allows,  that  which  I  previously  admitted,  viz.,  that  for  some  pur- 
poses water-gas  may  be  profitably  employed. 

From  another  friend  I  learn  that  for  eacli  metre  of  water-gas, 
four  metres  of  producer-gas  have  to  be  made.  He  would  not  con- 
sider it  advisable  to  convert  coal  into  gaseous  fuel  for  the  purpose 
of  raising  steam.  The  producer-gas  obtained  in  manufacturing  the 
water-gas  is  used  in  puddling  furnaces  and  in  heating  large  blocks 
of  metal  weighing  as  much  as  50  tons.  In  the  open-hearth  steel 
furnaces  a  mixture  of  the  two  gases  is  employed,  and,  for  steel 
intended  for  casting^,  this  mode  of  treatment  is  considered  very 
good,  because  the  high  temperature  afibrded  by  the  water-gas, 
he  says,  enables  the  workmen  to  have  the  metal  so  fluid  that  it 
runs  with  ease  into  castings,  however  intricate. 
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DISCUSSION. 

Mr.  John  Head  said  Le  was  sure  the  members  were  very 
grateful  to  Sir  Lowthian  Bell  for  the  able  mamier  ia  which  he 
had  treated  the  subject,  bringing  it  forward,  as  he  had  done,  in  a 
form  which  they  could  quite  understand.  A  great  deal  of  con* 
fusion  had  been  created  in  the  public  mind  by  the  recommendation 
of  water-gas  for  various  uses  to  which  it  was  not  applicable.  It 
was  assumed  that,  because  water-gas  would  give  a  higher  initial 
temperature  of  combustion,  therefore  it  must  be  better  than 
producer-gas  for  furnace  purposes.  That  was  not  so.  The  real 
question  was,  what  was  the  loss  of  heat  in  the  chimney ;  and 
comparing  the  one  gas  with  the  other,  the  only  difference  between 
water-gas  and  producer-gas  was,  that  the  weight  of  the  gases 
going  up  the  chimney,  at  the  same  temperature  in  both  cases, 
would  be  less  in  the  case  of  water-gas  than  in  the  case  of  pio- 
ducer-gas.  But,  in  considering  that  subject,  they  must  not 
forget  another  point,  namely,  that  in  the  combustion  of  water-gas 
a  large  quantity  of  steam  was  formed,  and  that  the  latent  heat  of 
this  steam  represented  an  amount  of  heat  which  could  not  be 
recovered  in  furnace  work.  He  had  made  a  calculation,  based 
upon  theoretical  considerations,  as  to  the  value  of  water-gas  as 
compared  with  producer-gas,  and  he  had  found  that,  when  every- 
thing was  taken  into  account,  water-gas  was  about  one-half  per 
cent,  better  than  producer-gas ;  or,  in  other  words,  100  tons  of 
carbon  converted  into  producer-gas  would  yield  the  same  result 
as  99^  tons  converted  into  water-gas,  and  that  was  the  only 
advantage  that  he  could  find.  Then  there  was  another  pointy 
namely,  the  question  of  cost.  He  had  had  no  experience  in  working 
furnaces  with  water-gas,  and  was  entirely  dependent  for  his  infor- 
mation on  that  subject  upon  the  circulars  which  had  been  issued. 
He  had  made  a  calculation  for  Mr.  Siemens,  based  on  the  figures 
given  by  the  friends  of  water-gas,  and  he  found  that  to  melt  two 
tons  of  steel,  and  to  do  a  certain  amount  of  other  work,  it 
would  cost  18s.  3d.  with  water-gas,  and  only  10s.  6d.  with 
producer-gas.     The  details  of  this  calculation  had  been  sent  to 
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Mr.  WiLDT  (Leeds  Forge)  said  it  was  stated  in  the  paper  that 
from  "  15  to  30  per  cent,  of  the  heat  of  the  coal  was  devoted  to 
convert  the  coal  into  the  gaseous  form/'  From  numerous  reooids, 
the  larger  percentage  was  more  correct  for  producer- gas ;  and  from 
many  analyses  of  producer-gas,  even  60  per  cent,  was  above  the 
value  of  the  heat-units  in  the  gases  compared  with  the  heat-units 
in  the  fuel.  The  object  of  the  conversion  of  the  solid  fuel  into 
gaseous  fuel  was  only  partially  stated  by  Sir  Lowthian  when  he 
said :  "  This  is  done  because,  without  this  stimulus,  the  tempera- 
ture obtained  by  burning  coal  in  the  ordinary  way  would  not 
suffice  for  the  object  in  view."  A  further  and  much  more  im- 
portant object  was  to  convert  the  fuel  into  a  more  manageable 
form,  and  that  its  employment  might  be  made,  wherever  it  was 
needed,  under  exact  regulation,  and  with  a  minimum  of  labour 
and  dirt.  A  temperature  being  obtainable  with  the  gaseous 
fuel  which  was  absolutely  unattainable  with  solid  fuel,  proved 
that,  where  temperature  was  required,  gaseous  was  the  only  form 
in  which  to  use  fuel,  and  where  heat  was  required  to  be  under 
control,  gas  offered  the  readiest  means  of  producing  and  con- 
trolling the  heat.  The  author  again  said :  **  For  obvious  reasons, 
when  power  is  once  generated,  the  sooner  it  is  applied  to  the 
duty  it  is  to  perform  the  better.  In  like  manner,  that  form  of 
motion  known  as  heat  does  its  work  most  economically  when  the 
same  rule  is  observed.  Of  course,  it  often  happens  that  a  sacrifice 
has  to  be  made  in  order  to  meet  the  circumstances  of  particular 
cases."  And,  later  on,  he  stated :  "  The  natural  laws  to  which  I 
briefly  alluded  have  been  to  some  extent  lost  sight  of  in  the 
recommendations  advanced  in  favour  of  water-gas."  Now,  in  the 
production  of  producer-gas,  the  heat  necessary  to  volatilise  the 
carbon  was  entirely  lost ;  whereas,  in  making  water-gas,  it  was  this 
very  waste  of  the  ordinary  producer-gas,  coupled  with  a  portion 
of  the  glowing  carbon,  which  was  employed  to  decompose  the 
steam  and  produce  water-gas.  This  was  keeping  very  much  in 
sight  the  earliest  possible  application  of  the  heat  which,  without 
this  application,  was  absolutely  lost.  Then,  in  Sir  Lowthian's 
calculations  of  the  comparative  calorific  effect  of  producer- 
gas,  and  the  fuel  from  which  it  was  made,  he  took  credit  for 
the  whole  of  the  carbon  and  hydrocarbons  in  the  fuel,  while  it  was 
well  known  that  there  was  a  large  percentage  of  loss  by  conden- 
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works,  while  intending  to  be  instructive,  were  most  misleading. 
He  had  been  in  Witkowitz,  and  watched  the  producers  there,  and 
had  received  from  the  mouth  of  the  engineer  in  charge  very 
different  statements  from  those  now  put  forward  by  the  author, 
as  communicated  to  him  by  Mr.  Kupelwieser.  Some  of  those 
statements  were  published  in  the  Proceedings  of  the  Institute,  and 
formed  originally  the  subject-matter  of  a  paper  read  before  tiie 
Austrian  Engineers'  and  Architects'  Society.  Other  figures  given 
by  Mr.  Kupelwieser  were  very  interesting,  as  confirming  in  a 
marked  degree  the  statements  he  had  just  made,  that  the  loss  in 
gasifying  fuel  with  the  water-gas  producer  was  only  11-35  per 
cent.,  while  he  stated  it  to  be  11*5  per  cent.,  from  their  own 
experiments  and  calculations.  The  author  stated  in  the  course 
of  his  examination  of  the  Witkowitz  figures : — "  It  is,  perhaps 
worth  comparing  the  assertion  made  in  general  terms  in  the 
pamphlet  of  the  relative  proportion  of  carbon  received  in  the 
form  of  water-gas  and  as  producer-gas : — 

In  the  equation  HjO  +  C,  we  have  Hj  +  CO  for  water-gas. 
,,        ,,  O3  +  C3,        ,,       3  CO  for  producer-gas. 

The  weight  of  the  two  equations  of  H  is  2,  and  that  of 
carbon  48,  or  1  of  H  to  24  of  carbon.  Of  oxidised  carbon  in 
the  example  just  examined,  when  using  raw  coal,  there  was  in 
the  gases  44*8  of  hydrogen  and  1041*51  of  carbon,  or  23'24  of 
carbon  for  1  of  hydrogen.  Now,  the  heat  of  24  parts  by  weight 
of  carbon  burnt  to  carbonic  oxide  means  57,600  calories,  which 
have  been  expended  to  obtain  1  part  of  hydrogen,  which,  when 
burnt  to  steam,  is  worth  29,400  calories — the  loss  being 
therefore,  nearly  50  per  cent,  of  the  heat  generated  in  order 
to  obtain  the  single  unit  of  hydrogen."  It  was  here  assumed 
that  the  whole  object  from  first  to  last  of  making  water-gas 
was  to  produce  hydrogen — a  fallacy,  anything  but  philosophic 
Taking  the  author's  figures,  what  did  they  get  ?  They  got  H, 
C^g,  or  Hj  to  Cg^.  The  24  parts  of  carbon  burnt  to  carbonic 
oxide  meant  57,600  calories.  Those  24  parts  of  carbon  further 
burnt  to  carbonic  acid  equalled  134,400  calories,  taking  the 
hydrogen  as  1,  which,  when  burnt  to  steam  was  worth  29,400 
calories,  and  adding  this  29,400,  brought  the  total  to  163,800 
calories.     The  24  parts  of  carbon  burnt  to  carbonic  acid  would 
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TTorking  at  rather  over  three  times  the  cost  of  Leeds.  Including 
everytliing,  interest,  depreciation,  wear  and  tear,  Ac.,  their  coat  at 
Leeds  did  not  come  out  as  one-third  of  that  at  Witkowitz.  Sir 
Lowthian  Bell,  in  claiming  for  solid  fuel  the  utmost  efficiency 
in  use,  mentioned  the  blast  furnace,  in  which,  having  regard  to 
the  economic  conditions  to  be  observed,  90  per  cent,  of  the  fall 
power  was  accounted  for  by  the  duty  performed.  That  could 
only  be  accomplished  by  the  efficient  capture  and  employment  of 
the  top  gases,  which  represented  more  than  half  the  total  heat- 
value  of  the  fuel  in  the  furnace,  thereby  converting  the  blast  tm- 
nace  into  a  veritable  gas-producer,  and  using  the  best  part  of  tlie 
fuel  in  heating  the  blast  for  the  furnace,  raising  steam,  &c.;  and 
it  was  found  that  the  higher  the  furnace,  the  better  the  gas.  B7 
his  comparisons.  Sir  Lowthian  Bell  had  actually  proved  the  point 
which  it  was  the  object  of  the  paper  to  discredit,  namely,  that  in 
a  gas-producer  they  got  the  utmost  out  of  the  fuel.  Coming  to 
the  summarised  results,  and  working  on  the  assumed  composition 
of  the  fuel,  they  got  for  coal  a  total  possible  of  720,000  calories. 
Coal  burned  in  ordinary  furnaces,  without  excess  of  air,  minus  loss 
in  chimney,  and  assuming  perfect  combustion,  which  was  seldom 
or  never  attained,  604,300  calories,  equal  to  83*9  per  cent.  For 
producer-gas,  Sir  Lowthian  Bell  took  credit  for  too  high  a  quan- 
tity of  calories,  because  it  could  only  yield  about  70  per  cent  of 
the  heat-units  in  the  fuel.  Therefore,  instead  of  having  614,000, 
they  only  got  401,000,  or  55*8  per  cent.  For  water-gas,  pare 
gas  from  the  gas-holder,  they  had  567,469,  or  78  per  cent.  Sir 
Lowthian  Bell  further  stated :  "  In  cases,  however,  where  an  in- 
tense temperature  is  required  in  order  to  do  the  work  in  hand 
quickly,  water-gas  may  be  highly  advantageous."  That  was 
one  of  the  conditions  of  an  open-hefarth  furnace ;  and  if  the  melt- 
ing down  and  refining  of  the  charge  could  be  accomplished  in  a 
period  represented  by  a  fraction  of  the  time  at  present  required, 
the  result  would  be  an  increased  annual  turn-over  on  the  capital 
invested ;  and  where  water-gas  was  employed  to  increase  the 
combustible  percentage,  the  results  had  been  most  satisfactory. 
He  had  with  him  some  papers  which  had  been  sent  him  by  a 
friend  who  was  working  water-gas,  and  he  would  shortly  give 
them  the  results  of  working  water-gas  and  producer-gas  mixed  in 
a  furnace,  which  was  the  way  advised  for  certain  purposes,  and 


162  ON  GASEOUS  ruKL. 

Mr.  WiLDT :  Mixed  to  suit  the  circumstauces  entirely.  Thqr 
did  not  nse  the  same  amount  of  water-gas  in  reheating  fumaoes 
as  they  would  use  under  any  other  circumstances.  It  was  neces- 
sary to  mix  the  gas  to  suit  the  work  in  hand.  In  the  crucible 
furnace,  using  mixed  gases,  the  make  was  from  5  to  6  charges  of 
soft  steel,  consisting  of  40  crucibles,  each  holding  78*5  lbs.,  per  24 
hours.  In  gas  puddling  the  production  per  12  hours  was  7  tons 
16  cwt. ;  using  coal  in  the  gaseous  form,  3  tons  4  cwt. ;  coal  per 
ton  of  production,  8  cwt.  0  qrs.  8^  lbs.  In  the  ordinary  furnace 
the  production  was  2  tons ;  coal  used  as  solid  fuel,  1  ton  16  cwt. ; 
coal  per  ton  of  production,  18  cwt.,  against  8  cwt.  in  the  gas  fur- 
nace, showing  an  economy  of  55  per  cent.  With  regard  to  steel 
melting,  he  had  all  the  data  as  to  the  composition,  cost,  charges, 
and  so  forth,  but  the  part  that  was  most  interesting  was,  that  30 
charges  at  least  per  week  were  made,  each  charge  taking  from  4 
to  5  hours. 

Sir  LowTHiAN  Bell  asked  what  was  the  weight  of  the  charge? 

Mr.  WiLDY :  1 5  tons.  The  furnace  would  stand  from  300  to 
350  charges.  There  were  less  repairs  required  when  using  mixed 
gas  than  when  using  ordinary  Siemens  gas.  The  steel  made  was 
subjected  to  the  tensile  test  of  from  25  to  50  kilos,  per  square 
millimetre,  or  equal  to  20  to  30  tons  per  square  inch ;  elongation, 
20  to  30  per  cent.,  varying,  of  course,  with  the  composition  of 
the  steeL 

Mr.  Edward  Eiley  asked  if  Mr.  Wildy  could  give  the  weight 
of  coal  per  ton  of  production  ? 

Mr.  Wildy  said  that  in  the  steel-producing  fumaces^  using 
the  ordinary  old-fashioned  Siemens  producer,  they  used  18  cwt. 
to  the  ton ;  and  with  mixed  gases  they  used  from  8  to  9  cwt 
It  varied  a  little  with  the  quality  of  the  fuel  They  used  a  lot 
of  refuse,  and  that  rather  varied.  They  used  commoner  fuel  alto- 
gether. There  was  one  point  in  Sir  Lowthian  Bell's  paper  which, 
he  thought,  ought  hardly  to  be  passed  without  notice.  It  was 
that  which  stated  that  '^a  volume  of  coal-gas,  which  would 
require  a  36-iDch  pipe  for  its  transmission,  might,  in  the  event 
of    water-gas    being    employed,  be    conveyed    by  one   of    Ij 
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Lowthian  Bell  were  untenable,  even  with  regard  to  Moravia,  and 
considerably  more  so  with  regard  to  England.     But  why,  with 
the  figures  before  him,  with  the  results  of  English  experience  in 
water-gas  production,  figures  obtained  by  actual  working  over 
extended  periods  by  independent  persons  not  connected  in  any 
way  with  the  water-gas  interest,  Sir  Lowthian  Bell  should  go  to 
Moravia  for  his  data  was  incomprehensible.    Under  any  circum- 
stances, the  figures  from  Moravia  could  not  apply  to  English 
working ;  and  tliough  living  there  was  remarkably  cheap,  from 
information  that  he  bad  obtained,  material  was  not.     He  had 
shown  how  unreliable  were  the  figures  upon  which  Sir  Lowthian 
Bell  Imd  based  his  calculations  of  cost.     The  charges  were  three 
times  higher  than  they  would  be  in  England.     In  charging  fuel 
at  ISs.  S>\d.  which  would  cost  about  6s.,  the  statement  that 
'*  coke  at  368.  Sfd.  per  ton  would  produce  heat  as  cheaply  as 
water-gns  "  fell  to  the  ground.     It  should  be  divided  at  least  by 
2^.     Tlie  concluding  remarks  of  the  paper  showed,  first,  that 
gaseous  fuel  gave  perfectly  satisfactory  results ;  and  when  Mr. 
Kupelwioser  informed  Sir  Lowthian  that  in  nearly  all  cases  such 
furnaces  were  worked  more  economically  with  producer-gas  than 
water-gas,  lie  forgot  the  previous  statement  in  the  paper  read 
before  the  Austrian  Engineers'  Society  by  an  oflBcial  engineer  of 
the  Witkowitz  works,  in  which  the  following  facts  were  stated  : — 
First,  coke  of  poor  quality  was  used ;  second,  86*7  per  cent,  of 
the  disposable  quantity  of  heat  was  obtained  in  the  gases ;  third, 
the  gas  was  exceedingly  well  adapted  for  use  on  the  open-hearth ; 
fourth,  when  using  water-gas  it  was  found  that  the  open-hearth 
could  l)e  worked  at  about  one-half  the  cost  involved  when  ordinary 
producer-gas  was  used,  even  though,  for  equal  heat  evolved,  the 
cost  of  Uie  water-gas  stood  in  the  proportion  of  177  to  1*72  for 
producer-gas.    All  those  particulars  appeared  in  the  Journal  of 
the  Iron  awrf  Steel  In^itute,  vol.  i..  1887,  pages  368-9.     The 
concluding  paragraph  of  the  author's  paper  summed  up  and  oon- 
finued  the  statements  which  he  (Mr.  Wildy)  had  made.     As  far 
as  his  experience  went,  the  statements  and  calculations  made 
in  the  paper  demanded  some  explanation  and  correction.    He 
desired,  however,  to  thank  the  author,  and  the  President  and  the 
Council,  for  giving  him  the  oppoitonitj  of  explaining  his  riews 
on  the  matter. 
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kilos,  per  kilo,  of  fuel.  The  Cardifif  coal  cost  five  francs  a  toa 
more  than  the  Scotch  coal,  but,  allowing  for  this,  it  would  be  seen 
that  there  was  no  real  saving  with  the  gas-fired  boilers.  He 
could  not  himself  be  surprised  that  this  was  so,  because  he  had 
always  felt  that  if  the  incandescent  mass  of  fuel  were  in  tbe 
producer  instead  of  in  the  boiler,  there  must  necessarily  be  a 
considerable  amount  of  radiant  heat  lost.  Having  taken  a  case 
favourable  to  the  solid  fuel,  he  would  now  take  one  where  gas 
was  essential  He  referred  to  gas  engines,  which  were  now 
being  made  of  considerable  power,  and  as  their  efficiency  as  hest 
engines  was  known  to  be  higher  than  that  of  steam  engines,  then 
was  every  probability  that  their  use  would  be  largely  extended. 
These  engines,  of  course,  required  gas,  and  here  was  a  veiy  profit- 
able use  for  it.  He  could  speak  with  the  experience  of  engines 
that  were  developing  an  aggregate  of  about  8300  horse-power,  and 
the  general  result  was  that,  even  with  a  small  engine  of  about  10 
horse-power,  the  fuel  consumption  was  only  about  1 J  lb.  per 
indicated  horse-power  per  hour.  With  larger  engines  it  wu 
about  li  lb.,  and  at  the  paper-mills  of  Messr&  Spicer  Brothen 
at  Godalming,  where  there  were  Otto  engines  indicating  a  total 
of  about  240  horse-power,  Mr.  Spicer  told  him,  a  short  time 
since,  that  the  average  fuel  consumption  was  only  about  1  Ih 
per  indicated  horse-power  per  hour.  He  might  mention,  in  con- 
nection with  this  subject,  that  at  the  Exhibition  there  were  two 
engines  well  worth  looking  at ;  one  was  a  four-cylinder  engiiM 
of  100  horse-power,  made  by  the  Otto  Company.  The  other 
engine  was  also  for  100  horse-power,  but  had  only  one  cylinder, 
and  was  the  largest  of  its  kind  ever  made.  He  had  not  seen  it 
tested,  so  could  not  give  its  fuel  consumption;  but  he  might 
mention  that  an  engine  of  the  same  type,  giving  25  horse-power, 
consumed  only  1^  lb.  per  brake  horse-power  per  hour.  It  was 
designed  by  Monsieur  Delamarre  Deboutville,  and  was  made  by 
Mr.  Powell  of  Eouen.  This  engine  would  be  found  in  the  section 
for  hydraulic  machinery.  Speaking  generally,  it  might  be,  and 
doubtless  was,  the  case,  that  theoretically  they  should  expect  to 
get  a  superior  heating  result  from  the  solid  fuel ;  but  his  con- 
tention was  that  in  practice  this  was  often  not  possible,  and  that 
for  many  purposes  gaseous  fuel  was  better  and  more  economical, 
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WEDNESDAY,  SEPTEMBER  25. 

The  proceedings  of  the  Institute  were  resumed  to-day — Sir 
James  Eitson,  Bart.,  President,  again  occupying  the  chaur. 

The  discussion  on  Sir  Lowthian  Bell's  paper  was  continued. 

Mr.  Samson  Fox  said  that,  many  times  in  the  career  of  the 
Institute,  he  had  found  himself  most  heartily  on  the  side  of  Sk 
Lowthian  Bell ;  this  time  it  so  happened  that  they  were  not  on 
the  same  side  of  the  question.  No  doubt  they  both  thooglit 
they  were  to  a  considerable  extent  right,  but  he  was  there  to 
lay  before  the  Institute  a  few  facts  which  had  come  out  of 
the  actual  working  of  the  water-gas  for  nearly  two  years.  He 
should  have  been  only  too  pleased,  before  the  paper  was  written, 
to  give  Sir  Lowthian  Bell  the  full  opportunity  of  investigatiii^ 
what  that  apparatus  had  been  doing  and  what  it  could  do,  and 
in  that  case  he  was  sure  that  their  opinions  would  have  been 
nearer  agreement.  Everything  depended  for  its  value  upon 
what  it  could  produce,  and  the  point  to  which  the  paper  wai 
mainly  directed,  was  to  show  that  water-gas  could  not  be  pnh 
duced  at  such  a  price  as  to  yield  any  better  result  than  that 
which  would  have  been  obtained  from  using  either  ^solid  fuel  or 
producer-gas.  He  did  not  propose  to  deal  with  the  question  as 
to  whether  producer-gas  or  solid  fuel  had  the  advantage.  He 
would  leave  the  point  whether  gaseous  fuel  was  better  than  solid 
fuel  entirely  to  those  who  had  had  more  to  do  with  it  than  he 
had.  However,  with  regard  to  water-gas,  he  thought  he  had  had  a 
fair  opportunity  of  knowing  what  could  be  done  with  it  in  many 
ways.  The  paper,  to  his  mind,  was  considerably  wrong  in  its 
statement  with  reference  to  the  cost  of  producing  the  gas ;  and 
they  all  knew  that  if  they  got  wrong  as  to  the  cost  of  producing 
to  the  extent  that  these  figures  appeared  to  be,  they  were  sure  to 
arrive  at  wrong  conclusions.  The  author  had  set  down  ISs.  2^ 
as  the  cost  of  gasifying  a  ton  of  fuel,  and  he  also  stated  that,  in 
the  pamphlet  to  wliich  he  referred,  2s.  8d.  was  given  as  the  cost 


1 76  ON  OilSEOUS  FUEL. 

Mr.  Edward  Riley  wished  to  know  Iiow  many  of  Mr.  Fox's 
steel  furnaces  were  at  present  working  with  water-gas  ? 

Mr.  Samson  Fox  said  he  had  stated  that  they  would  hare 
several  furnaces  at  work  in  a  very  short  time»  which  would  be 
worked  with  mixed  gas. 

Mr.  Edward  Biley  asked  if  there  were  none  working  with 
water-gas  ? 

Mr.  Samson  Fox  said  not  at  present ;  but  he  had  giyen  data 
taken  from  furnaces  that  they  had  worked. 

Mr.  Edward  Biley  said  that  Mr.  Fox  had  referred  to  ibe 
question  of  using  water-gas  for  lighting  private  houses.  Periupt 
he  would  explain  to  the  meeting  how  he  got  over  the  difficoltf 
of  employing  in  a  private  house  so  poisonous  a  gas  as  carbonie 
oxide,  seeing  that  it  was  a  gas  which  had  no  smell,  whereas  ooel- 
gas  had  a  very  bad  smell,  but  was  not  poisonous  in  the  tme 
sense  of  the  word.  An  atmosphere  containing  1^  or  2  per  cent 
of  carbonic  oxide  was  fatal  to  life  in  a  very. short  time.  Perh^M 
Mr.  Fox  would  explain  how  he  got  over  the  difficulty  that  might 
arise  from  an  escape  of  gas  ? 

Mr.  Samson  Fox  said  he  should  be  glad  to  do  that  In  the 
first  place,  it  might  not  be  generally  known  that  the  great  bulk 
of  the  gas-tubing  in  houses  was  in  a  leaky  state  from  end  to  end 
at  the  present  time,  and  that  something. like  25  per  cent,  of  the 
gas  bill  was  due  to  leakage  extant  in  all  gas-fittings  all  over  the 
country.  If  they  made  thoroughly  tight  gas-fittings,  and  intro- 
duced a  little  volatile  liquid,  that  would  tell  the  instant  they  had 
a  leakage,  they  would  then  have  no  trouble  or  fear  of  ii^ury  aris- 
ing from  the  use  of  a  gas  which  was  stated  to  be  so  poisonousi 

Mr.  Edward  Biley  :  What  is  the  percentage  of  the  carbonic 
oxide  in  the  gas  ? 

Mr.  Samson  Fox  :  Perhaps  45  per  cent— equal  volamee,  or 

nearly  so. 
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years,  indeed,  water-gas  had  been  manufactured,  bat  until  now 
a  practical  application  had  not  been  attained.  In  1872  he 
witnessed,  in  the  north  of  France,  experiments  made  hj  Mr. 
Tessie  du  Mottay.  These  experiments  were  duly  reported  in  the 
Comptes-rendus  des  Ingenieurs  Civils  {TranscLctiona  of  the  (Hvil 
Engineers  of  France).  Again,  quite  recently,  before  a  meeting 
of  civil  engineers,  the  question  of  water-gas  had  been  discussed 
under  all  its  aspects,  from  the  hygienic  point  of  view,  in  that  of 
the  production  of  calorific  agents,  and  in  that  of  the  production  of 
sources  of  light.  He  would  remind  them  that,  at  the  outset^ 
when  experimenters  wanted  to  make  water-gas,  they  could  not 
use  coal.  Therefore,  he  did  not  quite  understand  Mr.  Wildj, 
when  he  stated  that  coal,  coke-waste,  and,  in  fact,  all  infeiiw 
fuels,  could  be  indifferently  used.  But  if  they  used  coal,  thej 
must  choose  a  dry  and  pure  coal,  as,  if  they  used  coke,  it  must  be 
of  a  very  pure  quality ;  and,  in  that  respect,  he  entirely  concurred 
with  the  views  of  their  friend  Mr.  Kupelwieser,  who  asserted  on 
the  previous  day,  "  When  you  state  that  you  use  waste  coke,  I 
answer  that  I  had  to  choose  the  best  qualities  of  coke  which  I 
could  find  to  make  water-gas."  Eighteen  years  ago  water-gas 
was  partially  applied,  and  in  order  to  obtain  practical  results, 
it  was  necessary,  in  1872,  at  a  time  when  coke  was  very  dear  in 
France,  to  buy  it  at  50  francs  (£2)  per  ton  to  make  water-gas. 
He  was  well  aware  that  at  that  time  their  experience  was  limited 
to  experiments,  whilst  to-day  the  object  pursued  was  metalluigical 
applications,  for  which  the  gas  was  also- used  mixed  with  carbonic 
oxide.  But,  as  had  just  been  stated  by  Mr.  Kupelwieser,  inferior 
fuels  might  also  be  used ;  only,  for  the  same  production  of  gaSt 
complicated  apparatus  were  required,  and,  ultimately,  the  cost  price 
was  increased.  With  regard  to  the  communication  made  by  Sir 
Lowthian  Bell,  he  believed  it  to  be  very  admirable,  as  it  possessed 
an  unexceptionable  quality,  the  eloquence  of  figures.  It  was 
quite  true  that  every  one  was  at  liberty  to  interpret  figures  as 
he  deemed  proper.  Mr.  Wildy  discussed  them  with  a  ceitaia 
acrimony,  and  a  vivacity  which  he  himself  should  possibly  have 
displayed,  had  he  been  called  upon  to  defend  his  own  interest. 
This  was  understood,  but  he  thought  it  was  difficult  to  convince 
one's  opponents  by  bringing  more  or  less  vivacity  into  the  discus' 
sion ;  it  was  experience  alone  which  must  support  and  finally 
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water  gases  were,  or  ought  to  be,  free  from  carbon  dioxide,  vhich 
was  not  the  case  with  blast-furnace  gas.  Some  exception  had 
been  taken  to  the  construction  which  had  been  put  upon  Mr. 
Fox's  speech  in  regard  to  the  size  of  the  pipes  required  to 
convey  water-gas  for  illuminating  purposes.  It  was  true  thiti 
in  a  speech  made  some  months  ago,  Mr.  Fox  used  the  woid 
"  compression,"  but  he  never  for  a  moment  imagined  that  it 
could  occur  to  any  one  to  compress  this  gas  so  that  a  li-indi 
pipe  could  carry  as  large  a  volume  of  it  as  a  36-inch  pipe  ccmli 
do  of  ordinary  coal-gas.  For  this  it  was  estimated  that  a  pres- 
sure of  600  lbs.  on  the  square  inch  would  be  required.  Sudy 
Mr.  Fox  must  have  overlooked  the  power  which  would  be  required, 
the  high  temperature  which  would  be  generated,  and  the  leakage 
of  a  very  deadly  gas  under  such  a  condition  of  things  as  those 
imagined  by  him.  With  regard  to  making  cheap  gas  from  gas- 
maker's  breeze,  where  was  the  breeze  to  come  from,  after  all  tbe 
gasworks  were  suppressed,  in  order  to  make  way  for  water-gas? 
Indeed,  even  now,  as  the  President  had  just  stated,  breeae  at 
Leeds,  when  washed,  sold  for  9s.  a  ton.  Mr.  Fox  had  called  him 
to  account  for  the  estimated  cost  of  converting  solid  into  gaseous 
fuel.  He  had  himself  doubted  the  accuracy  of  the  statement, 
which  was  Mr.  Kupelwieser's,  and  not  his ;  and,  until  Mr.  Enpd- 
wieser  had  explained  the  matter,  he  was  in  very  great  doubt  as 
to  whether  it  could  cost  anything  like  12s.  2^d.  to  gasify  a  ton 
of  coke  in  the  manner  proposed.  But  supposing  it  did  not,  Mr. 
Fox  had  himself  given  2s.  8^d.  per  ton  for  doing  the  work ;  and 
as  coal  in  ordinary  times  sold  for  5s.  per  ton  at  the  pit,  that 
meant  an  addition  of  50  per  cent,  to  the  price  of  coal.  He  conld 
assure  Mr.  Fox  that  all  that  he  wanted  was  to  ascertain  the 
simple  truth.  He  believed,  in  the  interests  of  that  gentleman 
himself,  the  earlier  this  was  ascertained  the  better.  This  ob6e^ 
vation  was  equally  applicable  to  those  who  might  contemplate 
laying  out  large  sums  of  money  in  erecting  plant  which,  in  the 
end,  might  not  realise  the  expectations  formed  of  it.  Mr.  Kupel- 
wieser  had  spoken  with  evident  sincerity  on  the  subject,  and 
though  he  might  not  agree  on  every  point  with  himself  (Sir 
Lowthian  Bell),  on  the  whole  there  was  a  general  agreement  in 
the  views  expressed  by  both.  He  should  be  happy  to  avail  him- 
self of  the  ofTer  made  by  Mr.  Fox ;  and  if  he  had  erred  in  any  of 
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other  consumer  of  fuel.  He  thus  obtained  from  every  31^  tons 
of  coal  treated  in  the  producers  1  ton  of  sulphate  of  ammcmia, 
worth  £12.  However,  6^  tons  of  coal  were  consumed  in  woddng 
up  this  sulphate,  and,  adding  other  expenses,  a  total  cost  o(  sajf 
£5  was  obtained  to  set  against  the  gain  of  £12,  leaving  nearly  £7 
profit  on  the  sulphate.  The  tar-oils  obtained  Mond  also  utilised 
as  fuel,  and  found  that,  though  only  obtaining  3  per  cent,  on  the 
fuel  gasified,  yet  those  oils  possess  double  the  evaporative  power 
of  coal.  The  efficiency  is  thus  brought  up  to  80  per  cent  of 
that  realised  from  the  same  fuel  by  hand-firing.  At  the  price  of 
6s.  per  ton  of  coal,  the  profit  on  the  sulphate,  about  £7,  would 

represent  about      -  -     ^-       -,  or  23  tons  of  coal.      He  ought 

OS. 

to  add  that  an  allowance  for  wear  and  tear  of  plant  was  still 
necessary.  Thus  the  depreciation  of  efficiency  as  against  hand- 
firing  was  rather  more  than  compensated  for  in  the  values  of 
tar-oils  and  ammonia  realised.  If  the  gases  were  used  hot  from 
the  generators,  tar-oils  and  ammonia  must  be  sacrificed.  It  should 
be  added  that,  in  hand-firing,  of  course  all  the  nitrogen  is  lost,  and 
carbon  is  lost  in  the  ashes  to  some  extent.  One-half  the  nitrogen 
is  gained  by  the  process  described  by  Mond,  and  the  ashes  oulf 
contained  3^  per  cent  of  carbon.  But  these  considerations,  though 
they  were  in  the  broadest  sense  indispensable,  were  still  stridlf 
supplementary  to  one  of  fuel-value;  and  Sir  Lowthian  Bell's 
conclusions  were  not  one  whit  the  less  valuable  for  being  strictly 
confined  to  a  rigid  comparison  of  the  three  fuel-materials  on 
the  basis  of  strict  calorific  efficiency.  It  may  be  of  service  and 
useful  suggestiveness  thus  to  touch  upon  another  side  of  the 
question,  and  to  regard  its  bearing  upon  the  general  subject.  E^ 
thought,  in  the  main,  it  could  not  be  urged  that  Sir  Lowthian  Bell'^ 
assumption,  that,  in  the  production  of  producer-  and  water-gases, 
these  gases  were  received  at  the  regenerators  after  being  coded,  was^ 
comparatively  speaking,  an  assumption  wide  of  the  mark,  inas^ 
much  as,  in  such  cases,  the  gases  usually  passed,  in  the  fiist 
instance,  into  and  through  rectangular  flues  composed  of  wrought 
boiler-plate ;  at  all  events  through  iron  flues,  exposed  to  the  air, 
and  hence  to  radiation  and  atmospheric  cooling.*     These  flues 

*  la  manj  cases  it  is  not  convenient,  if  possible,  to  annex  prodaoen  to  oloie  to  tli* 
fanu&ces  that  the  gas  shaU  be  used  hot. 
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in  the  second^  by  the  two  equations, 

c  +  o  =  CO 
CO  +  0  =  COj; 

and  in  the  third,  by  the  three  equations, 

C  +  H,0  =  CO  +  TT, 
Hj  +  O  =  H,0 
CO  +  O  =  COj ; 

but  in  each  can  the  net  result  as  to  chemical  change  is  identical, 
and  the  net  heat  development  during  that  change  is  identical 
also. 

If,  instead  of  carbon,  coal  be  employed,  exactly  the  same  end 
result  would  be  attained  in  each  case,  any  combustible  matter 
present  (other  than  carbon)  producing  the  same  amount  of  heat, 
no  matter  which  way  it  be  burnt,  provided  the  combustion  ulti- 
mately produced  the  same  end  products. 

Although  furnaces  fired  with  water-gas  did  not  possess  anj 
advantage  over  those  fed  with  ordinary  producer-gas,  in  the  way 
of  burning  fuel  so  as  to  give  rise  to  a  larger  development  of  heat 
on  the  whole,  they  nevertheless  could  ^be  so  worked  as  to  produce 
a  result  impossible  to  attain  with  producer-gas.     Suppose  tiiat 
a  furnace  is  heated  by  gas  regularly  supplied  by  an   ordinaiy 
producer  so  as  to  attain  an  approximately  constant  temperatme. 
If,  now,  the  producer  be  worked  as  a  water-gas  plant  by  alternately 
injecting  air  and  steam,  instead  of  blowing  in  air  only,  and  if  the 
rate  of  coal  consumption  be  supposed  to  remain  the  same  as 
before,  the  effect  on  the  temperature  of  the  furnace  would  be 
alternately  to  raise  it  above,  and  depress  it  below,  the  constaat 
temperature  previously  attained.     During  the  period  when  steatfi 
was  blown  in  and  water-gas  produced,  a  hotter  flame  resulted  fiom 
the  formation  of  hydrogen ;  this  extra  heat,  fpr  the  time  being,  was 
obtained  at  the  expense  of  the  sensible  heat  of  the  hot  carbon  in 
the  producer,  which  was  cooled  owing  to  the  absorption  of  heat 
during  the  change, 

HjO  +  C  =  Ha  +  OOj. 

Later  on,  when  air  was  blown  in  instead  of  steam,  the  producer- 
gas  now  formed  was  at  a  lojver  average  temperature  than  it  would 
have  possessed  had  the  mass  of  carbon  not  been  cooled  during 
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oxide.  Ordinary  coal-gas,  containing  6  or  7  per  cent,  of  that 
gas,  was  very  dangerous  on  this  score  when  even  a  small  leak 
occurred,  especially  in  a  bedroom.  In  this  case  the  peculiar  odoor 
of  the  gas  Usually  gave  some  degree  of  warning  that  an  escape 
existed*  With  comparatively  scentless  water-gas,  containing  seve- 
ral times  as  high  a  percentage  of  this  deleterious  constituent,  the 
danger  of  poisoning  would  be  greatly  intensified. 

Admitting  that  this  objection  was  practically  not  of  serious 
moment,  there  still  rem^dned  another  difficulty  in  the  supply  of 
water-gas  for  household  purposes,  &c. ;  viz.,  that,  in  order  to  pro- 
duce it,  something  like  three  times  as  much  carbon  must  be  con- 
verted into  producer-gas  as  was  used  for  the  water-gas,  so  that,  as 
about  3  volumes  of  producer-gas  contained  as  much  carbon  as  2 
of  water-gas,  from  four  to  five  times  as  much  producer-gas  would 
necessarily  be  made,  measured  by  volume,  as  was  manufactured 
of  water-gas.  Hence,  either  the  production  of  water-gas  for  town 
supply  must  be  coupled  with  some  other  branch  of  industry  in 
which  this  large  quantity  of  producer-gas  could  be  utilised,  or  else 
the  producer-gas  mu&t  bis  mbre  or  less  wasted,  and  the  cost  of  the 
water-gas  correspondingly  increased. 

Sir  LowTHiAN  Bell  has  replied  on  the  correspondence  as  fol- 
lows : — ^At  the  Paris  meeting  of  the^  Institute,  where  I  had  the 
honour  of  reading  a  paper  on  gaseous  fuel,  I  pointed  out  some 
of  the  objections,  in  a  calorific  point  of  view,  to  water-gas  as 
a  substitute  for  coal,  &a,  in  the  solid  form.  Objections  were 
strongly  urged  by  gentlemen  who  differed  from  the  views  I  had 
submitted  for  the  consideration  of  those  present  Our  Secretary 
afterwards  suggested  the  propriety  of  inviting  opinions  from 
certain  chemists  familiar  with  the  practical  use  of  coal  and  other 
varieties  of  fuel.  Accordingly,  Mr.  Watson  Smith,  Professor 
Lunge,  and  Dr.  C.  R.  Alder  Wright  have  kindly  replied  to  Mr. 
Jeans'  request,  and  the  result  appears  in  the  present  volume. 
These  have  been  sent  to  me,  and  I  have  been  asked  for  a  reply, 
should  any  be  necessary.  I  should  have  preferred  waiting  until 
I  had  visited  Mr.  Fox's  works,  but  as  the  opinions  of  these 
gentlemen  virtually  confirm  my  figures,  I  shall  at  once  answer 
the  minor  objections  they  raise  to  what  I  said  in  my  paper. 

Mr.  Watson  Smith  calls  attention  to  my  having  omitted  in 
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THE  THOMSON*  ELECTEIC  WELDING  PROCESS. 


By  Mr.  W.  C.  FISH,  Boston,  Mass.,  U.8.A.  y 

Several  years  ago,  at  least  in  the  history  of  the  application  of 
electricity  to  the  arts,  Professor  Elihu  Thomson,  of  Lynn,  America, 
had  occasion  to  deliver  a  lecture  before  the  Franklin  Institute  in 
Philadelphia.     In  preparing  certain  electrical  apparata  for  this 
lecture,  Professor  Thomson  had  the  questionable  misfortune  of 
short-circuiting  an  induction  coil,  which,  quite  naturally,  resulted 
in  the  fusion  of  the  copper  wire  of  the  coil.    If  fusion  could  thus  be 
produced  accidentally,  and  if  economical  and  practical,  why  should 
it  not  be  intentionally  produced  and  applied  to  the  treatment  of 
metals  ?     And  from  this  accident   probably  came  the  germ  of 
thought  which,  to-day,  extending  and  developing  itself,  gives  to 
the  arts  the  process  of  electric  welding.     During  some  time  tins 
idea  lay  dormant  in  the  mind  of  Professor  Thomson,  who  was 
busily  engaged  in  the  development  of  the  Thomson-Houston  sys- 
tem for  electric  lighting  and  transmission  of  power ;  but  finally 
experimental  machines  were  constructed,  and  these  conclusively 
showed  the  excellence  of  the  electric  weld.     The  Thomson  pro- 
cess was  first  publicly  exhibited  in  New  York  in  1887,  and  since 
that  time  the  development  has  been  rapid  in  America,  where  it 
is  recognised,  more  and  more  each  day«  as  among  the  growing 
and  important  applications  of  electric  energy. 

The  physical  principles  underlying  this  process  are  probably 
elementary  to  many  of  the  audience,  and  have  frequently  been 
described  in  the  technical  journals. 

The  experimental  law  relating  to  the  production  of  heat  in  a 
circuit  through  which  an  electric  current  flows,  states  that  heat  is 
produced  at  every  portion  of  the  circuit,  first  in  direct  propor- 
tion to  the  electrical  resistance  at  any  given  point  of  the  circuit, 
and  secondly,  in  proportion  to  the  square  of  the  current  stxengtL 
The  resistance  varies  with  the  nature  of  the  metal,  the  tempera- 
ture, and  inversely  as  the  area  of  cross-section.     Therefore^  if  an 
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approach  of  the  pieces  at  exactly  the  proper  temperature,  and 
this  done,  to  automatically  shut  off  the  current  from  the  veld. 

Another  advantageous  result  of  the  simultaneous  applict&m 
of  pressure  and  heat,  is  the  slightly  greater  permissible  range  of 
temperature  within  which  the  weld  can  be  made,  and  the  oonee- 
quent  decrease  of  danger  of  burning  the  metal.  Thus  the  welding 
temperature  of  certain  classes  of  steel  can  be  slightly  reduced 
below  that  ascribed  to  the  given  metal  in  the  smithy,  by  the  sub- 
stitution of  pressure  for  temperature. 

The  following  figures,  taken  at  random,  give  a  few  results  of 
tests  made  on  the  tensile  strength  of  welds : — 


Material. 


Wrought  iron     . 
Cast  steel   . 
Bessemer  steel    . 
Copper  (hard  drawn) 

>>  >t  9> 

Brass .        . 


>f 


er 


Steel  and  German-silv 
Cast  steel  and  wrought  iron 
Brass  and  wrought  iron      . 


Breaking  Strengtli 
per  square  inch. 


Ibfl. 
53,110 
81,000 
59,580 
31,830 
32,480 
40,820 
47,730 
40,410 
52,130 
33,550 


Position  of  Fracture. 


17  inches  from  weld. 
At  weld. 


If 
» 


f  inches  from  weld. 

At  weld. 

}  inches  from  weld. 

At  weld. 

3  inches  from  weld  in  the  iroo. 

At  weld. 


Generally  speaking,  in  the  welding  of  the  ordinary  commercial 
metals,  after  the  characteristics  of  the  metal  and  the  knowledge 
of  the  requirements  for  its  welding,  huve  been  gained  by  experi- 
menting, a  tensile  strength,  at  the  weld,  of  90  per  cent,  of  the 
strength  of  the  unwelded  metal  is  obtainable. 

The  time  of  welding  varies  with  the  conditions  under  which 
the  weld  is  made.  Thus,  but  only  within  limit3,  a  comparatively 
large  expenditure  of  electric  energy  for  a  short  time  is  equivalent, 
for  welding,  to  a  smaller  expenditure  of  energy  during  a  longer 
time.  The  quicker  the  weld  is  made,  however,  the  more  econo- 
mical it  is,  since  there  is  less  time  for  the  loss  of  energy  through 
the  conduction  and  radiation  of  heat. 

Determinations  of  the  power  and  time  required  for  welding 
give  somewhat  empirical  results,  owing  to  the  indeterminable 
effects  of  conduction  and  radiation  of  heat,  and  other  &ctors 
more  or  less  changeable  with  different  sizes  and  metals.    For 
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It  may  be  of  interest  to  mention  the  possibility  of  electric 
riveting,  which  has  already  been  accomplished,  and  is  found  to 
be  a  perfectly  practicable  process.  The  cold  rivet  is  placed  in 
the  rivet-hole,  electrically  heated  to  the  proper  temperature,  and 
then  headed*  The  heating  of  a  half-inch  rivet,  of  two  or  three 
inches  in  length,  would  occupy  probably  about  twenty  or  thirty 
seconds.  As  the  plate  itself  becomes  somewhat  heated  in  the 
immediate  vicinity  of  the  rivet-hole,  there  is  a  partial  weld  made 
between  the  rivet-head  and  the  plate. 

This  paper,  though  incompletely  describing  the  fundamental 
principles  of  the  art  of  electric  welding,  and  scantily  touching 
upon  a  few  details  of  possible  interest,  gives  but  little  idea  of  the 
questions  of  scientific  interest  which  arise  in  the  treatment  of 
metals  by  electricity,  or  of  the  dififerent  uses  to  which  the  process 
either  has  been,  or  can  be,  applied.  As  an  apology,  the  writer  can 
only  express  the  desire  that  any  discussion  which  may  follow 
will  bring  up  those  points  which  will  lead  to  an  increase  of  our 
knowledge  of  the  various  conditions  and  phenomena  of  heated 
metals,  and  their  necessary  treatment. 
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investigate  this  matter  of  electric  welding.     Mn  Fish  was  kbd 
enough  to  give  him  very  full  explanations  in  London ;  and  he 
had  also  seen  some  of  the  welding  done  at  Glasgow,  and  at  the 
Paris  Exhibition  he  had  had  some  '^best  Yorkshire'*  iron  of 
his  own  welded,  and  he  was  taking  it  back  to  England  to  test 
It  appeared,  from  the  engineering  point  of  view,  that  the  system 
would  be  most  useful  for  large  repetition  work,  where  the  number 
of  articles  to  be  welded  would  repay  the  cost,  which  must  be 
considerable,  of  the  clamps  and  special  apparatus  for  holding  and 
directing  the  pieces  to  be  welded.    He  could  not  himself  see 
that  it  could  ever  replace  ordinary  smith's  work  for  occasional  or 
miscellaneous  welding,  but  for  such  purposes  as  welding  angle- 
iron  frames,  or  other  articles  which  required  costly  labour,  and 
took  considerable  time,  the  system  offered  very  great  advantages 
indeed.      Mr.  Adamson  had  mentioned  the  welding  of  plates. 
He  (Mr.  Matheson)  understood,  from  those  gentlemen  who  had 
machines  at  work,  that  they  had  not  yet  succeeded  in  welding 
any  width  greater  than  three  inches,  and  therefore  it  was  not  yet 
available  for  welding  plates,  or  boiler  rings,  which  no  doubt  would 
be  a  great  boon  to  many  of  them.     With  regard  to  the  power 
required,  he  thought  they  should  take  into  account  that  the 
welding  process  occupied  only  from  twenty  to  forty  seconds,  and^ 
no  doubt,  a  small  engine  with  a  heavy  fly-wheel  might  concentrate 
for  the  few  moments  wanted  a  sufficient  power.     On  the  other 
hand,  he  thought  the  margin  of  power  given  between  the  electric 
horse-power  and  the  mechanical  horse-power  was  not  sufficient 
He  did  not  think  that  any  one  accustomed  to  electrical  machines 
would  venture  to  have  a  100  horse-power  steam-engine  if  he 
wanted  85   electrical   horse-power.      He  must   have  a  greater 
margin  than  that,  although  in  that  matter  they  were  open  to 
correction  by  electricians.     One  other  point  which  appeared  to 
be  rather  astonishing  was,  that  wires,  when  welded,  should  give, 
as  he  understood,  85  per  cent,  of  the  strength  of  the  wire.     A 
wire  got  so  much  of  its  strength  from  having  been  drawn,  that  it 
was  very  difficult  to  see  how  a  weld  could  tran3ncdt  more  than 
the  strength  of  the  original  wire  rod.     In  other  words,  if  a  steel 
rod  which  would  take  30  tons  to  the  inch  was  drawn,  and  became 
wire  which  would  carry  100  tons  to  the  inch,  one  would  have 
thought  that  the  weld  would  only  have  transmitted  the'strengtli 
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in  enormous  gain.  The  members  would  be  interested  to  know 
liat  a  cable  message  had  been  received  that  morning  from  the 
Thomson  Electrical  Welding  Company,  inviting  them  to  visit 
;heir  works  in  Massachusetts  next  year.  He  hoped  that  tiie 
nembers  would  be  able  to  accompany  him  on  that  visit. 

A  vote  of  thanks  having  been  passed  to  Mr.  Fish  by  acclama- 
ion,  the  following  paper  was  read  : — 
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.    ON  ALLOYS  OF  lEON  AND  SILICON. 


Bt  R.  a.  HADFIELD,  Shkffiild. 


The  alloying  of  elements,  other  than  carbon,  with,  iron  is  a  com- 
paratively new  field,  and  possesses  special  interest,  not  only  to 
those  concerned  and  engaged  in  the  treatment  of  metals,  bat 
also  to  those  who  study  the  physical  properties  of  substances. 
As  the  properties  and  nature  of  alloys  of  carbon  and  iron  are  fairly 
well  understood,  it  is  hardly  necessary  to  consider  them  here,  and 
in  order  to  narrow  down  the  considerations  dealt  with  in  this  paper 
to  a  practicable  limit,  attention  will  be  confined  solely  to  alloys 
or  mixtures  of  which  metallic  iron  and  silicon  form  the  principEd 
constituents. 

An  investigation  of  the  properties  of  manganese  steel,  ijc,  an 
alloy  of  iron  and  manganese,  was  placed  before  this  Institute  by 
the  author  some  twelve  months  ago,  and  its  physical  properties 
have  been  fairly  well  determined,  as  compared  with  alloys  of  iron 
with  other  elements.  This  was  the  more  practicable  owing  to 
the  fact  that  the  manufacture  of  "  cast  iron "  alloys  of  manga- 
nese, that  is,  ferro-manganese,  had  been  for  some  time  past  in 
a  very  advanced  state.  In  other  words,  the  cheap  production 
of  the  alloys  known  as  rich  ferro-manganese — a  material  contain- 
ing 80  per  cent,  of  manganese  and  5  per  cent,  to  7  per  cent  of 
carbon,  the  residue  being  iron — has  enabled  experiments  to  be 
readily  carried  out  by  further  alloying  such  rich  manganese  pro- 
ducts with  pure  iron. 

Mr.  Turner's  paper  read  at  the  British  Association  Meeting, 
Bath,  last  year,  described  experiments  with  steel  containing  firom 
*10  per  cent  to  *50  per  cent,  of  silicon,  and  the  details  were  fully 
given  in  the  "  Proceedings  "  of  the  Institute.  The  writer  was 
asked  by  Mr.  Turner  and  the  British  Association  Committee  to 
investigate  the  efiect  of  higher  percentages  of  silicon,  and  he 
thought  that  the  results  of  his  inquiries  might  also  be  of  interest 
to  the  Institute. 
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could  be  produced.     If  so,  without  doubt  considerable  employ- 
ment could  be  found  for  them  in  metallurgical  industry. 

Table  I. 


ASAI.YfilS  PER  CKKT. 


Carbon. 


Gruphito.  Combined. 


Silicon.  .Manganese. 


I 


Analyses  of  spiegcl  and  ( 
/crro-mattyanete,  showinj;  I 
the  gradual  increase  of/ 
carbon  as  tbe  manganese  | 
increases ' 

Analyses  of  specitU  manga-  f 
nue,  sbowing  that  if  the  | 
silicon  becomes  high  the* 
carbon  diminishes  very 
considerably    .     .    .    , 

Analyses  of   sHicon-spitgtl 
or  tiiicide  of  tnanganue 


Analyses  of  ferro-sUicon 


3S 
•67 
•90 

2  35 

1-85 

1-20 

•55 


4^27 
4^78 
6-68 
6-S8 
7*30 

3^66 
8^56 

1^85 
•98 
•30 

•05 
•06 
•23 
•11 


I 


811 
19-74 
41 -SS 
80-04 
80^04 

23^90 
50*00 

19*64 
19-74 
94^86 

242 

278 
1^95 
1-07 


Sulphur  and 
phosphorii 
practically  sb- 
■ent,  remaio- 
der  being  iron. 


i>itta 


These  analyses  are  from  a  paper  by  Mr.  Holgate,  Assoc.  R.S.M.,  Darwen,  on  "The 
Manufacture  of  Ferro-Manganese  and  Ferro-Silicon  in  the  Blast.  Furnace." 


Alloys  or  compounds  of  iron,  carbon,  and  silicon,  non-malleable 
in  their  nature,  and  coming  under  the  term  "  cast  iron,"  have  been 
thoroughly  investigated  in  this  country  by  Mr.  T.  Turner  of  Bir- 
mingham, and  the  results  have  been  placed  before  this  Institute, 
so  that  it  is  unnecessary  to  do  more  than  touch  upon  the  matter 
here.  Great  credit  is  due  to  this  investigator  for  the  lengthy 
and  valuable  researches  he  has  made  in  the  direction  indicated, 
as  also  to  Mr.  Keep,  of  Detroit,  U.S.A.,  who  has  lately  presented 
interesting  papers  on  the  same  subject  to  the  American  Institute 
of  Mining  Engineers.  Mr.  Keep  sums  up  so  well  the  general 
results  of  all  investigations  up  to  date,  that  it  may  be  well  to 
briefly  mention  them,  especially  as  some  of  the  remarks  apply, 
to  some  extent,  to  the  malleable  compounds  or  alloys  of  iron 
and  silicon  now  being  described.  Both  Mr.  Keep  and  Mr.  Tomer 
find  that  white  carbonaceous  cast  iron,  which  would  invariably 
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In  metallurgical  literature,  but  little  reliable  information  is  to  be 
found  as  to  the  effect  of  silicon  upon  iron.  Mr.  Howe  in  his  excel- 
lent work  on  "  The  Metallurgy  of  Steel "  gives  an  excellent  riswBfU 
of  what  has  appeared.  Some  fourteen  years  ago,  in  America,  good 
results  were  promised  by  a  process  which  was  to  use  "  Oodoms, 
or  silicon  ore,"  as  it  was  termed.  This  was  to  dephosphorise  or 
neutralise  the  phosphorus  in  the  metal  under  treatment.  Only 
a  few  years  back,  the  writer  had  reason  to  investigate  this  matter 
in  America,  but  found  that  this  so-called  puddled  silicon  iron  or 
silicon  steel  contained  no  silicon.  The  whole  matter  was  happily 
summarised  by  the  well-known  metallurgist,  A.  L.  HoUey  of 
America,  who  said,  or  rather  sang,  of  it : — 

"  There  was  an  old  man  of  Codorus, 
Who  said  he  took  out  the  phosphorus, 
So  the  iron  he  puddled,  and  with  chemicals  muddled. 
But  the  puddling  took  out  the  phosphoras." 

Beferriug  now  to  the  consideration  of  silicon  alloyed  with  the 
metal  iron,  the  common  belief  has  been  that  steel  which  has  to 
be  used  in  its  forged  state  should  contain  practically  none,  or  as 
small  an  amount  as  possible.  Any  quantity  exceeding  *10  per 
cent.,  or  up  to  *20  per  cent,  at  most,  has  been  considered  to  be 
highly  injurious.  "  Give  a  dog  a  bad  name  "  is  well  illustrated 
in  the  present  case,  as  will  be  seen  from  the  results  and  tests 
given.  At  any  rate,  it  may  be  safely  said  that  silicon  has  been 
blamed  in  a  somewhat  hasty  manner.  This  blame  may  be  well 
deserved  in  alloys  of  carbon,  silicon,  and  iron,  as  such  alloys,  as 
regards  ductility,  have  no  doubt  proved  unreliable  and  of  little 
value,  but  the  blame  has  been  put  at  the  door  of  silicon,  whereas 
it  is  now  proved  that  silicon,  alloyed  with  iron,  provided  carbon 
is  absent,  or  only  present  in  small  amounts,  gives  good  tests  as 
to  toughness  and  malleability.  It  will  be  seen  that  1^  or  even 
2  per  cent,  may  be  present,  and  yet  the  material  may  possess  25 
to  30  per  cent,  elongation;  whereas  the  same  percentage  of  car- 
bon, alloyed  with  iron,  would  give  a'  product  barely  malleable 
and  one  possessing  but  little  elongation  imder  tensile  stress. 
Whilst,  therefore,  the  common  belief  that  alloys  of  carbon, 
silicon,  and  iron  are  brittle,  or  even  dangerous,  is  quite  correct, 
the  cause  is  not  due  to  silicon  only,  but  to  the  combination  of 
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The  annealed  flat  bending  pieces,  half-an-inch  wide  by  one- 
fourth  of  an  inch  thick,  gave  good  results,  specimens  A.,  B.,  (X,  and 
D.  (*24  per  cent,  to  2-18  per  cent  Si)  bending  double  cold  with- 
out fracture,  more  like  soft  steel,  and  after  being  bent  double  the 
pieces  were  flattened  close  together  cold,  without  showing  signs 
of  fracture.  Specimen  E.  (2*67  per  cent.  Si)  also  bent  douUe 
cold,  but  broke  in  the  radius  with  the  last  blow.  F.  (3*46  per 
cent.  Si)  was  much  stiSer,  bending  only  to  a  right  angle.  O.  and 
H.  (4 '49  per  cent,  and  5*53  per  cent.)  would  not  bend  at  all,  and 
were  exceedingly  brittle.  These  bending  tests  were  confirmed 
by  Mr.  Turner's  experiments  with  bars  of  the  same  size.  Up  to 
D  specimen  the  samples  bent  to  an  angle  of  180^,  with  one- 
eighth  of  an  inch  radius. 

Pieces  from  the  bars  used  for  bending  tests  were  also  tested 
for  weldability,  but  entirely  without  success.  The  writer's  expe- 
rience has  always  been  tliat  silicon  is  quite  fatal  to  welding 
notwithstanding  that  the  contrary  might  be  expected  from  the 
fact  that  silica  is  of  such  material  assistance  in  welding  wrought 
iron. 

As  regards  water-quenching  or  hardening,  samples  A.,  B.,  C,  and 
D.  (-24  per  cent,  to  2*18  per  cent.  Si)  were  unaflTected,  t,e.  unhar- 
dened,  by  even  the  highest  heat.  Even  if  plunged  at  welding  heat 
into  water  made  specially  cold,  no  hardening  beyond  a  sur&oe 
stiffening  took  place,  nor  did  their  toughness  seem  impaired  by 
this  treatment  Specimen  E.  (2*67  per  cent.  Si)  was  heated 
to  an  ordinary  yellow  heat,  and  plunged  into  cold  water  at  about 
70**  Fahr.  This  piece  was  much  stiffened,  but  only  broke  on 
being  bent  double.  Another  piece  of  the  same  material,  heated 
to  a  welding  heat,  and  plunged  into  water  at  about  52%  also 
proved  very  stiff,  and  only  broke  when  bent  double.  Sample 
F.  (3*46  per  cent.  Si)  was  only  stiffened  by  being  water- 
quenched  at  a  welding  heat.  It  was  just  as  brittle  as  befoie, 
and  had  not  hardened,  being  easily  touched  by  a  file.  In  this 
respect,  therefore,  i.e.,  as  to  being  toughened  by  water-quench- 
ing, this  material  differs  from  manganese  steel.  The  heating 
did  not  cause  much  alteration  in  fracture,  the  crystallisation  being 
still  open  and  coarse.  H.  (5*53  per  cent.)  was  quenched  both  at 
ordinary  heat  and  at  a  welding  heat,  and  although  the  surface 
was   skin-hardened,  upon    being  fractured  it  was  easily  filed. 
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Table  IIL — continued. 
Compression  Tests. 


Series. 

Test  Bar 
Mark. 

Analysis  per  Cent. 

Load  applied 

in  Tons  per 

(Square  Inch. 

Seduction  in 

Length 

produced  Inr 

Load. 

Increisudto 

1 

Carbon.; 

Silicon. 

Manganese. 

B 

206 

-20 

2-67 

•25 

1 
Before  being  Tbsted. 
1-009.               -TOTJt 

No.  206 

>  gaye  no 

Indioatioi 

1  of  set  b 

y  pointer. 

10 
20 
30 
50 

100 

1-009 

1-008 

-9915 

•901 

-622 

-7979 
•8000 

-806 

-860 

1H»46 

1 

Series. 

iI^tBar 
Mark. 

1 

Analysis  per  Cent. 

Load  applied 

Reduction  in 
Length 

produMdbj 
Load. 

Diameter 
Imffeasedto 

Carbon. 

Silicon. 

Manganese. 

in  Tons  per 
Square  Inch. 

P 

207 

•21 

3*46 

•29 

Before  beiz 
1-009. 

Lg  Tested. 
:796&. 

No.  2C 

n.    Noil 

idication 

of  set  by 

pointer. 

10 

20 

30 

100 

1-009 
1-009 
1-0045 
-6455 

7966 
•795 
-8000 
1-0115 

1 

Seiies. 

Test  Bar 
Mark. 

An 
Carbon. 

alysia  per 
Silicon. 

Cent. 
Manganese. 

Load  applied 

in  Tons  per 

Square  Inch. 

Reduction  in 

LeufiTth 

produced  by 

Load. 

Diameter 
Increased  to 

a 

208 

-25 

4-49 

•36 

Before  beii 
1-008. 

ig  Tested. 
•7985. 

No.  2W 
Gave 
inore 

J.    No  in 

several  1 

ased  up  t 

idication 
oud  repoi 
0  50  tons, 

of  set  b} 
*ts  as  pres 
,  and  tbei 

r  pointer, 
isure  veas 
Q  ceased. 

10 
20 
30 
40 
100 

1*008 
1-008 
1-0045 
-9895 
-683 

T985 
•7985 
•8000 
•806 
1-003 

In  order  to  test  this  steel  in  tbe  shape  of  wire,  samples  K 
(2*67  per  cent  Si)  and  G.  (4*49  per  cent.  Si)  were  reduced  to 
rods,  and  Messrs.  Shipman  &  Co.,  of  Sheffield,  kindly  undertook 


-   OH  ALLOTS  OF  IBON  AND  SILICON. 


Mil 
i|' 

w 

J.  a        B  "     "        =         I  a^illi 

=  iPll 


"I 
'ii 


my 


240  ON  ALLOYS  OF  IRON  AND  SILICON. 

As  iu  the  forged,  so  also  in  the  cast  material,  when  the  silicon 
exceeds  about  2  per  cent.,  and  the  peculiar  crystallisation  noticed 
in  the  samples  exhibited  commences,  neither  annealing  nor  water- 
quenching  seems  to  have  any  effect  in  changing  the  structure. 

It  is  well  known  that  considerable  difficulty  is  experienced  in 
dissolving  drillings  of  ferro-silicon  ;  so  tedious  is  the  process,  that 
recourse  is  usually  had  to  the  sodium  carbonate  process.  This 
is  not  requisite  with  silicon  steel,  which  requires  only  the  ordinary 
hydrochloric  acid  method.  The  silica  residue  is  very  dean  and 
free  from  iron. 

A  considerable  number  of  estimations  have  proved  that  the 
silicon  is  very  uniform  and  homogeneous  in  this  steeL  Analyses 
taken  from  different  parts  of  the  same  ingot  and  bar  give  results 
very  similar  to  each  other.  No  traces  of  graphite  are  noticed, 
the  carbon  being  always  present  in  the  combined  form.  If  the 
material  analysed  is  in  the  form  of  drillings,  they  keep  their 
shape,  the  iron  being  dissolved  out 

Experiments  have  been  made  with  this  steel  in  comparison 
with  other  material  as  regards  its  corrosion.  Table  V.  gives  the 
time  of  immersion  in  the  sulphuric  acid,  and  the  loss. 

In  conclusion,  the  author  wishes  it  to  be  understood  that  he  does 
not  claim  that  there  is  any  field  for  the  employment  of  such  an 
alloy,  or  high  silicon  steel,  as  that  here  described.  This  paper  is 
presented  only  for  the  purpose  of  scientific  interest,  and  in  order 
to  place  on  record  the  actual  effect  of  the  metalloid  silicon  on 
iron.  Silicon  cannot  take  the  place  of  carbon ;  the  latter  has 
always  the  advantage  of  being  more  easily  applied,  and  of  produc- 
ing a  material  more  suited  to  the  various  requirements  of  users 
of  steel. 

It  is  also  clearly  proved  by  these  experiments  that  silicon, 
unlike  carbon,  does  not  confer  upon  iron  the  property  of  becom- 
ing hardened  when  water- quenched. 
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The  following  Table  gives  the  specific  gravities  of  the  silicon 
steel,  as  well  as  that  of  ferro-silicon : — 

Table  VI. 


Silicon  steel  (£.) 

i»        »        »» 
tf        »«      (G.) 
Ferro-silicon . 

»i  • 

It  • 

Ordinary  grey  cast  iron 


Ingot 

Wire20B.W.G. 

Ingot 


1 
1 

Percentage 

Specific 

of  Silicon. 

OraTity. 

2-67 

7-38 

2-67 

7-88 

4-49 

7-54 

5  00 

7  00 

8-00 

6-943 

16-00 

6-803 

«•• 

7-10 

Bemariu. 


DonbtfiiL 


Table  VII. — Samples  of  the  Alloys  of  Iron  and  Silicon  Exhibited  w 

order  to  Illtistrafe  this  Paper. 

Section  I. — Samples  of  silicon  steel  in  the  cast  state,  containing  from  "24  per 

cent,  to  8-83  per  cent,  of  silicon. 
Section  II.— Samples  of  silicon  steel  in  the  forged  state,  containiDg  from  -24 

per  cent,  to  5*53  per  cent,  of  silicon. 
Section  III. — Test  bars  as  mentioned  in  Table  II. 
Section  IV.— Bending  pieces  given  in  Table  II. 
Section  V. — Compression  pieces  given  in  Table  III. 
Section  VI.— Samples  of  ferro-alloys  to  illustrate  magnetic  properties. 
Section  VII.— Silicon  steel  wire  2*67  per  cent.  Si,  20  B.W.G. 

Sample  of  ferro-silicon  containing  16  per  cent  silicon,  yet  honeycombed. 
.    Silica  from  silicon  steel. 

Other  samples. 
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Correspondence. 

Mr.  Alex.  Pourcel  remarks  that  they  shotQd  be  grateM  to 
Mr.  Hadfield  for  following  up  with  so  much  perseverance  his 
very  interesting  studies,  which  had  already  led  him  to  such  re- 
markable discoveries  relative  to  manganese  steeL 

The  few  facts  which  Mr.  Pourcel  had  to  mention  in  support 
of  Mr.  Hadfield's  statements  referring  to  his  experiments  on  the 
alloys  of  iron  and  silicon  were  abstracted  from  a  paper  whidi 
he  communicated  eleven  years  ago,  t)n  the  7th  of  September 
1878,  to  LlndustrU  Min^rale. 

He  then  attempted  to  free  silicon  from  its  bad  repute,  based 
upon  no  well-established  grounds,  of  having  the  most  perni- 
cious influence  on  forged  steels,  as  well  as  on  their  mechanical 
qualities. 

In  the  works  of  Montlu^on-St-Jacques,  under  Mr.  Muss/s 
management,  before  the  year  1875,  steel  had  been  prepared  with 
2^  per  t>ent  of  silicon,  and  a  small  percentage  of  carbon ;  it  had 
been  hammered,  and  was  used  for  sheet  iron  and  wire  without 
any  difficulty.  Mr.  Hadfield  had  confirmed  this  fact  by  numerous 
experiments  fifteen  years  later. 

The  property  of  silicon  of  transforming  combined  carbon  into 
the  graphitic  state  was  studied  by  Captain  Caron,  Director  of  the 
Artillery  Laboratory  of  Saint-Thomas  d'Aquin,  in  1862,  at  least 
twenty-seven  years  ago.  Captain  Caron  made  a  report  as  to  the 
result  of  his  researches  to  the  Academy  of  Sciences.  He  was  of 
opinion  that  the  use  of  silicon  should  be  prohibited  in  the  manu- 
facture of  tool-steels,  not  because  that  alloy  rendered  the  latter 
more  brittle,  but  because,  in  course  of  time,  and  under  the  influence 
of  repeated  reheatings,  it  diminished  their  hardening  properties. 
A  cutting  tool  was  blunted  by  use,  and  was  restored  to  its  original 
condition  by  repeated  forging,  before  it  was  thrown  away ;  and 
silicon  had  the  property  of  displacing  at  a  red  heat  the  hardening 
carbon ;  therefore,  the  hardening  property  of  a  steel  containing 
a  certain  percentage  of  silicon  would  be  affected  by  several  re- 
heatings. 

This  criticism  did  not  apply  to  steels  destined  for  large  forg- 


248  ON  ALLOYS  OF  IRON  AND  SILICON. 

The  general  publication  of  those  facts,  and  their  collection  into 
a  connected  system,  required  many  years  of  experience  and  study. 
Mr.  Hadfield  had  quoted  the  names  of  those  experimenters  whose 
work  had  contributed  to  throw  light  on  that  most  interesting 
question.  Mr.  Pourcel  would  add  that  Mr.  Hadfield's  own  work 
would  not  be  the  least  distinguished. 

Mr.  H.  A.  Brustlein  (Unieux),  having  been  obliged  to  qnit 
Paris  before  Mr.  Hadfield's  paper  came  on  for  discussion,  was 
unable  to  take  part  in  its  consideration,  as  he  would  have  liked 
to  do.  The  knowledge  of  the  influence  of  silicon  on  steel  had, 
however,  been  advanced  by  investigations  of  older  date  than  those 
cited  by  Mr.  Hadfield.  Among  these  he  would  notablj  refer  to 
the  works  of  Mr.  Wenzel  Mrdzek,  Professor  at  the  School  of 
Mines  at  Pribram,  in  Bohemia,  who  made  a  series  of  investiga- 
tions on  the  alloys  of — 

1.  Iron  and  silicon. 

2.  Iron,  carbon,  and  silicon. 

3.  Iron,  silicon,  carbon,  and  manganese.] 

The  remarkable  work  of  Mr.  Mrazek  was  worthy  of  being  trans- 
lated into  English.  It  had  already  been  published  in  the  Berg-^ini- 
Hiittenmdnn.  Jahrbicch  dcr  K.  K,  Bergkademie  zu  Pribram^  Jahr- 
gang  XX,  From  that  period  the  researches  of  Mr.  Mrdzek  had 
given  some  useful  hints  to  those  who  were  practically  engaged  in 
working  upon  this  matter.  Although  silicon  in  steel  was  con- 
sidered by  some  as  a  friend,  and  by  others  as  an  enemy,  it  was  still 
an  enigma  to  the  man  of  science,  and  the  practical  steel  manu- 
facturer was  not  always  permitted  by  his  circumstances  to  furnish 
all  the  elements  that  would  be  likely  to  contribute  to  the  eluci- 
dation of  the  problem. 

Mr.  W.  J.  Keep  remarks  that  the  author  had  referred  to  Mr. 
King's  diagram  showing  that  a  decrease  of  silicon  changed  grey 
iron  to  white.  As  contributing  similar  information,  he  referred, 
in  an  article  about  to  be  published  by  the  American  Institute  of 
Mining  Engineers,  entitled  "  Phosphorus  in  Cast  Iron,"  to  en- 
gravings in  Table  II.  showing  the  change  of  grain,  where,  owing 
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substantially  alike,  and  yet  each  series  showed  results  exacUj 
contrary  to  those  reported  in  his  papers  on  the  action  of  silicon 
before  the  American  Institute,  i.e.,  each  cast  decreased  in  stiengtk 
until  275  Si,  when  it  was  12  per  cent,  weaker  than  at  first,  but 
increased  in  the  next  three  casts,  until,  at  the  last,  the  streDgtik 
was  55  per  cent,  greater  than  the  first  cast.  This  was  an  exampk 
of  the  way  that  chemical  combination,  or,  more  likely,  mechanieal 
structure,  due  to  some  unexplained  cause,  often  surprised  us  in 
practice. 

Mr.  Habrt  S.  Fleming  (of  the  Cameron  Iron  and  Ck>al  Com- 
pany, Emporium,  Pa.)  states  that  in  regard  to  the  re-melt^  viz.,  sili- 
con 1*25  to  5*55,  he  found  that,  using  Drown's  method  of  solution 
of  drillings  in  dilute  nitric  acid,  evaporating  with  dilute  snlphune 
acid  and  solution  in  water,  and  filtering  and  igniting  to  bum  off 
the  carbon,  the  resultant  silica  retained  perfectly  the  shape  of 
the  drillings,  was  pure  white,  and  completely  volatilised  by  hydro- 
fluoric acid.  These  silica  skeleton  drillings  were  examined  unda 
a  microscope,  and  found  to  be  a  mass  of  minute  crystals,  but  thej 
were  too  small  to  show  the  form  of  crystallisation.  Mr.  Fleming 
thinks  it  possible  that  by  re-melting  an  iron  the  silicon  will 
gradually  leave  the  combined  form  and  assume  the  graphitic  one, 
or  be  oxidised  to  silica,  at  least  partially.  Is  there  any  proof 
that  silicon,  as  such,  is  contained  in  steel,  or  in  any  metal  whidh 
has  been  exposed  to  strong  oxidising  influences  ?  In  some  experi- 
ments which  he  had  been  making,  he  had  found  only  traces  of 
silicon,  while  he  had<  found  as  high  as  1*23  per  cent,  of  silica  in 
some  Bessemer  steels. 

Mr.  T.  Turner  (Mason  College,  Birmingham)  regretted  that 
he  was  unable  to  be  present  at  the  reading  of  the  interesting 
and  important  paper  presented  by  Mr.  E.  A.  Hadfield.  He  had, 
however,  been  fortunate  in  seeing  a  number  of  the  samples 
while  the  experiments  were  in  progress,  and  in  obtaining  speci- 
mens for  preservation  in  the  collection  at  Mason  College.  The 
result  of  Mr.  Hadfield's  researches,  while  confirming  a  number  of 
liis  (Mr.  Turner's)  observations,  and  very  greatly  extending  our 
knowledge,  showed,  at  the  same  time,  the  great  importance  of 
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of  hardening  when  it  was  heated  and  afterwards  rapidly  cooled. 
This  point  had  been  considered  doubtful  for  some  time  past^  thoagh 
perhaps  the  general  opinion  had  been  in  the  opposite  directum, 
due  probably  to  the  fact  that  when  carbon  and  silicon  occnued 
together  in  a  sample  of  steel,  the  metal  could  sometimes  be  more 
readily  water-hardened  than  if  carbon  only  were  present.  Pro- 
bably the  greatest  difference  in  the  conclusions  arrived  at  as  a 
result  of  the  several  series  of  experiments  was  in  connection  with 
the  influence  of  silicon  on  the  weldability  of  the  metaL  Hie 
specimens  examined  by  Mr.  Hadfield  were  all  deficient  in  this 
respect,  while  those  prepared  by  himself  (Mr.  Turner)  all  welded 
well,  except  when,  owing  to  a  deficiency  of  manganese,  the  metal  was 
red-short.  Ko  special  care  was  taken  by  the  smith  in  producii^ 
these  welds,  the  specimens  being  given  to  him  in  the  ordinaiy 
way,  to  be  treated  in  exactly  the  same  manner  as  the  hundreds 
of  other  tests  he  would  perform  in  the  course  of  the  year.  The 
bar  was  then  nicked  and  broken  across  the  weld,  and  the  frao 
ture  carefully  examined.  The  tests  were  performed  under  the 
superintendence  of  Mr.  Harbord,  who  has  had  special  experience 
of  such  work,  while  all  the  samples  were  preserved,  and  had 
been  recently  re-examined.  So  that  he  (Mr.  Turner)  could  not 
think  that  the  weldability  of  ingot  iron  in  any  way  suffered 
from  the  presence  of  silicon.  It  should  be  mentioned,  however, 
that  the  highest  amount  of  silicon  added  was  only  0*5  per  cent., 
and  that  the  original  metal  itself  welded  perfectly. 

The  value  of  a  series  of  experiments  so  complete  and  carefolly 
conducted  as  those  of  Mr.  Hadfield  could  scarcely  be  over-esti- 
mated, and  it  was  much  to  be  desired  that  those  interested  in 
the  manufacture  of  iron  and  steel  might  soon  be  furnished  with 
information  with  regard  to  all  the  other  important  elements  as 
complete  and  as  trustworthy  as  we  now  possessed  in  the  cases 
of  manganese  and  silicon. 

Mr.  Charles  Wood  remarks  that  he  listened  with  much 
attention  to  the  paper  read  by  Mr.  Hadfield  at  the  Paris  meeting, 
and  regretted  that  the  time  did  not  allow  of  a  more  extended  dis- 
cussion. He  thought  Mr.  Hadfield  had  not  given  sufficient  credit 
to  the  paper  read  by  himself  (Mr.  Wood)  at  the  Glasgow  meet- 
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had  sbowu  that  the  commonest  iron,  such  as  mottled  and  white, 
could  be  reduced  to  any  degree  of  softness  by  the  proper  mix- 
ture of  silicon  iron ;  and  an  iron-founder,  by  following  this  role, 
and  studying  analyses  of  the  irons  at  his  command,  coold  now 
produce  in  his  cupola  the  exact  quality  of  iron  most  suitable  to 
his  castings,  instead  of,  as  hitherto,  depending  upon  special  and 
expensive  brands,  which  were  often  very  uncertain  in  prodaeii^ 
what  was  required,  although  the  fracture  might  be  all  that  was 
desired,  whilst  the  only  explanation  was  to  be  found  by  analysis. 
The  fact  that  the  firm  that  he  had  the  honour  to  represent  (Messis. 
Wilson,  Pease,  &  Co.)  had  made,  and  continued  to  make,  many 
thousands  of  tons  of  silicon  iron,  which,  prior  to  tbis  discoveij, 
was  put  back  into  the  blast  furnace,  was  a  sufficient  proof  that 
both  the  theory  and  the  practice  were  sound,  and  that  iron- 
founders  were  daily  leaving  the  old  practice  for  the  new. 

Mr.  Wood  would  merely  add  that,  however  interesting  the 
information  collected  together  by  Mr.  Hadfield — for  which  they 
were  greatly  indebted — and  however  valuable  the  experiments 
made  by  Mr.  Turner  and  Mr.  Keep,  he  found  nothing  new,  or 
of  any  practical  value  to  the  ironfounder,  which  had  not  beea 
already  published.  At  the  same  time,  these  experiments,  along 
with  those  of  M.  Gautier,  had  so  completely  confirmed  the 
scientific  rule  and  discovery  first  announced  and  laid  before  the 
Iron  and  Steel  Institute  at  the  Glasgow  meeting,  that  there  could 
not  be  any  further  doubt  about  it.  And  this  had  been  more  than 
once  acknowledged  in  the  able  addresses  of  the  late  President  of 
the  Institute. 

Mr.  E.  A.  Hadfield,  in  reply  to  the  correspondence,  said  he 
was  glad  to  read  the  interesting  contributions  from  American 
friends,  Messrs.  Keep  and  Fleming. 

He  much  regretted  the  omission  of  reference  to  Messrs.  Wood's 
and  Stead's  work  in  connection  with  the  application  of  silicon  to 
cast  iron.  His  (Mr.  Hadfield's)  paper  was,  however,  written 
principally  as  regards  alloys  of  iron  and  silicon,  not  alloys  of  cast 
iron  and  silicon.  The  paper  only  referred  to  the  latter  when 
bearing  upon  the  points  under  consideration.  It  was  in  no  way 
intended  as  help  to  an  ironfounder — Messrs.  Turner,  Wood,  Stead, 
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Gautier,  and  Keep  bad  done  that — but  it  did  deal  with  alloys  of 
iron  and  silicon  in  such  a  way  as  to  clearly  establish  the  in- 
fluence of  the  metalloid  silicon  upon  the  metal  iron,  a  question 
hitherto  in  doubt. 

M.  Osmond,  of  Faris,  was  giving  much  attention  to  experiments 
upon  samples  of  this  steel  furnished  by  the  author,  and  im- 
portant discoveries  had  been  made  which,  no  doubt,  M.  Osmond 
will  shortly  be  able  to  lay  before  the  Iron  and  Steel  Institute. 

The  following  paper  was  then  read : — 


A  NEW  FORM  OF  SIEMENS  FURNACE,  ARRANGED  TO 
RECOVER  WASTE  GASES  AS  WELL  AS  WASTE 
HEAT. 


By  JOHN  HEAD,  F.G.S.,  M.  Inst.  CB.,  London, 

AND 

P.  FOUFF,  iNGj^i^uR  DE8  Arts  et  Manufactures,  NETEiceu 


Before  referring  to  the  special  subject  of  this  commnnication, 
and  in  order  that  it  may  be  the  better  understood,  it  is  neoessuy 
to  call  attention  very  briefly  to  the  great  advance  which  has  ben 
made  in  heating  and  metallurgical  operations,  as  the  result  ci  . 
the  labours  of  the  late  Sir  William  Siemens  and  of  Mr.  Frederidc 
Siemens  in  connection  with  the  regenerative  gas  furnace. 

The  first  idea  of  applying  the  regenerative  principle  for  indoi- 
trial  purposes  appears  to  have  occurred  to  the  mind  of  the  Be?, 
Robert  Stirling  in  1817,  who,  with  his  brother,  James  Stirling, 
invented  a  regenerative  air  engine,  since  bearing  their  nune, 
which  worked  economically  at  the  Dundee  Foundry,  and  was 
found  to  be  quite  as  efficient  as  the  steam-engines  of  that  day. 
They  also  foresaw  the  possibility  of  applying  the  regenerative 
principle  to  metallurgical  furnaces.  A  more  complete  form  of 
furnace  of  the  same  kind  was  devised  in  1837  by  Mr.  J.  Slater. 
According  to  this  arrangement,  as  well  as  in  the  earlier  form 
proposed  by  the  Stirlings,  only  the  air  supplied  to  the  famace 
was  to  be  heated,  and  solid  fuel  was  intended  to  be  employed. 
Neither  of  these  proposals,  however,  led  to  any  practical  result^ 
60  that  they  can  only  be  looked  upon  as  mere  philosophical  ideas 
or  suggestions.  The  same  remark  applies  also  to  the  later  pro- 
posal of  Mr.  R.  Laming,  who,  in  1847,  took  out  a  patent  for  a 
regenerative  furnace  embodying  the  then  novel  principle  of  first 
converting  solid  fuel  into  gas,  to  be  burnt  in  a  furnace  in  com- 
bination with  air  heated  by  means  of  the  waste  products'  of 
combustion.  This  was  a  further  step  in  advance  in  farnace 
construction  ;  but  as  Laming's  invention  was  proposed  for  heating 
gas  retorts,  and  coke  was  in  consequence  the  fuel  intended  to  be 
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J  in  the  nsnal  manner  of  working  regenerative  gas  famaoes. 
An  auxiliary  steam  jet  is  provided  for  the  purpose  of  saj^lj- 
ing  atmospheric  air  to  start  the  producer,  when  the  furnace  is 
first  heated  up. 

The  new  form  of  regenerative  gas  furnace  has  been  applied  in 
this  country  to  the  heating  and  welding  of  iron,  to  which  im 
its  application  is  being  extended  in  England  and  abroad,  whilst 
furnaces  are  in  course  of  construction  to  apply  it  for  puddling 
iron,  and  for  copper  and  steel  melting.  Altogether  ten  furnaces 
for  these  purposes  are  in  course  of  construction,  in  addition  to 
two  furnaces  already  at  work  for  heating  iron. 

The  first  furnace  of  this  kind  was  constructed  at  the  PaUiflr 
Iron  and  Steel  Company's  Works  at  Wishaw  for  welding  iron, 
and  much  credit  is  due  to  the  proprietors  for  having  had  tibe 
enterprise  and  public  spirit  to  make  the  first  application  of  tliis 
improved  regenerative  gas-furnace.  The  working  has  been 
eminently  satisfactory  from  the  commencement.  The  success  of 
this  first  application  of  the  furnace  proves  the  correctness  of  the 
principle  upon  which  it  is  constructed,  and  the  means  adopted 
for  carrying  it  out. 

The  results  of  working  during  the  past  six  months  have  shown 
an  average  saving  of  5  per  cent,  in  waste  on  the  weight  of  the 
iron  heated,  and  a  saving  of  upwards  of  two-thirds  of  the  weight 
of  coal  used,  and  a  greater  money-saving,  owing  to  the  inferior 
quality  of  the  fuel  employed  as  compared  with  that  used  in  their 
other  furnaces  fired  with  solid  fuel.  From  the  total  saving  thns 
realised  should,  however,  be  deducted  the  cost  of  raising  steam, 
for  which  purpose  the  waste  heat  of  the  old  furnaces  is  utilised. 
Allowing  for  separate  boilers,  the  saving  efiected  by  the  use  of 
the  new  system  in  a  furnace  heating  eight  tons  of  iron  per  shif^ 
is  nearly  eighteen  tons  of  coal  per  week,  and  the  money-saving 
in  iron  and  coal  exceeds  £1000  per  annum. 

This  new  furnace  has  also  been  recently  applied  for  heating 
billets  by  the  United  Horse  Shoe  Company,  of  London,  and  in 
this  case  the  results  are  quite  as  satisfactory,  or  even  better, 
than  those  just  given,  as  is  shown  by  the  accompanying 
table : — 


264  ▲  NEW  FORM  OF  SIEMENS  FUBNA.CS. 

regenerative  gas  furnace,  of  the  same  prodnctiye  capacity,  wi& 
separate  gas  producers  and  gas  regenerators,  and  the  space  oeGa- 
pied  below  ground  is  also  considerably  reduced. 

A  saving  of  labour  attends  the  employment  of  the  new  fanioc^ 
as,  owing  to  the  producer  being  connected  with  the  furnace,  & 
same  men  can  attend  to  both,  and  the  labour  of  firing  is  redied 
in  proportion  to  the  reduced  consumption  of  fuel. 

In  conclusion,  the  following  advantages  may  be  claimed  fer 
the  new  furnace  as  compared  with  solid-fuel  furnaces  nsed'fr 
heating  and  welding  iron,  viz. : — 

A  saving  in  fuel,  amounting  to,  say,  two-thirds  in  weight,  aal 
afler  allowing  for  raising  steam  in  separate  boilers^  this  saving  i 
fully  equal  to  5  cwt,  of  coal  per  ton  of  iron  heated. 

A  reduction  in  the  waste  of  iron  equal  to  5  per  cent,  npcm  tli 
weight  of  metal  heated. 

A  saving  in  labour  and  repairs  which  will  probably  compeiiBite 
for  the  extra  cost  of  the  new  furnace. 

Taking  a  furnace  to  heat  10  tons  of  iron  per  shift,  or  110 
tons  per  week,  the  following  calculation  gives  the  money  saving 
realised  by  the  adoption  of  the  new  furnace : — 

110  tool  iron  at  5  cwt.  per  ton =27^  coals  laTod  at  6e. 

110    „     „      at  5  per  cent  =5^  tons  iron  at  £4    .       .        • 

Being  • 

per  week,  or  say,  £1500  per  annum. 

It  may  be  added  that  the  authors  had  hoped  that  the  applica- 
tion of  this  furnace  to  the  attainment  of  high  temperatures,  such 
as  are  required  for  steel  melting,  might  have  .been  included  in 
the  paper,  but  the  furnaces  building  for  this  purpose  are  not  yet 
completed.  Should  they,  however,  be  working  when  the  paper 
is  read,  information  with  regard  to  them  will  be  given  in  the 
discussion. 
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The  President  said  it  would  be  a  great  advantage  to  have 
the  discussion  on  the  paper  postponed  until  the  London  meeting, 
because  they  would  then,  probably,  have  before  them  the  expe- 
rience of  the  ten  or  twelve  furnaces  now  building.  It  occurred 
to  him  to  remark  that  the  proposed  arrangement  appeared  to 
solve  the  difficulty,  and  to  remove  the  objection  of  Sir  Lowthian 
Bell  as  to  the  cooling  of  the  gases.  They  had  the  direct  applica- 
tion of  the  gases  to  the  material,  and  it  was  an  admission,  to  a 
certain  extent,  that  there  was  a  loss  in  the  cooling  of  the  gases. 
The  arrangement  appeared  to  him  to  be  a  most  admirable  one. 
The  only  question  he  wished  to  ask  Mr.  Head  was,  whether  he 
bad  any  difficulty  in  passing  the  flame  through  the  whole  body 
of  the  furnace  ?  It  appeared  as  if  there  would  be  a  difficulty  in 
the  flame  reaching  the  doors. 

Mr.  Head  said  that  there  was  no  difficulty  experienced  in 
getting  the  heat  to  the  doors  in  the  horse-shoe  flame  furnace 
shown  by  the  diagrams. 

The  Pbesident  said  the  subject  was  one  of  great  interest.  He 
was  sure  that  they  would  all  be  satisfied,  from  the  reputation  of 
Messrs.  Siemens  and  the  authority  with  which  they  treated  the 
subject  of  furnaces,  that  the  matter  was  one  that  ought  to  receive 
the  careful  attention  of  those  who  had  large  masses  of  iron  to 
heat.  He  had  great  pleasure  in  proposing  that  the  thanks  of 
the  meeting  be  given  to  Mr.  Head  and  to  Mr.  Poufi'  for  their 
paper. 

The  motion  was  unanimously  adopted,  and  the  following  paper 
was  next  read : — 


THE  EOBERT-BESSEMER  STEEL  PBOCESS. 


By  F.  LYNWOOD  GARRISON,  Philadelphia. 


The  history  of  this  modification  of  this  ordinary  Bessemer  process 
dates  back  to  about  the  year  1884,  when  what  was  then  known  as 
the  Walrand-Delattre  converter  was  put  into  practical  operation 
at  the  Stenay  Works,  Meuse,  France.  This  converter  haviif 
already  been  described,*  it  will  be  suflScient  to  simply  call  atteor 
tion  to  the  above  fact. 

The  converter  at  present  used  at  Stenay,  and  known  as  the 
Bobert  converter,  is  shown  in  figs.  1  and  2.  It  is  used  either  wifth 
an  acid  or  basic  lining,  as  desired. 

It  has  a  distinctly  elliptical  shape,  having  a  flat  surface  P  in 
which  the  tuyeres  "  a  "  are  always  placed  on  the  same  plane  parallel 
to  the  axis  XX  of  the  apparatus.  It  has  a  swinging  movement  on 
its  trunnions  X'X',  supported  by  suitable  bearings.  This  move- 
ment can  be  imparted  by  means  of  any  suitable  mechanism;  for 
instance,  by  that  clearly  shown  in  the  drawings,  and  the  effect  is 
that  the  range  of  tuyeres  can  be  simultaneously  disengaged  from 
the  metal  bath. 

The  tuyeres,  placed  horizontally,  as  described,  form,  with  the  flat 
surface  P,  unequal  angles  varying  with  the  shape  of  the  transverse 
section  of  the  apparatus,  with  a  view  to  impart  a  rotary  motion  to 
the  bath,  which  brings  all  parts  of  the  metal  bath  successively 
under  the  oxydising  influence  of  the  blast.  This  movement  causes 
a  regular  and  methodical  rotation  of  the  bath,  so  as  to  prevent  too 
prolonged  a  period  of  decarburization  of  each  portion  of  the  metal 

As  soon  as  the  metal  is  run  into  the  converter,  it  is  tilted  up 
until  the  metal  comes  to  the  level  of  the  tuyeres,  and  the  blast  is 
turned  on  (fig.  3). 

By  the  action  of  the  blast  through  the  range  of  tuyeres  inclined 
at  different  angles  a  rotary  motion  is  gradually  imparted. 

When  this  movement,  which  is  indicated  by  the  spiral  move- 

♦  Iron  Age,  vol.  xl.,  No.  10;  Journal,  No.  II.,  1887,  p.  314. 
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that  the  apparatus  must  be  further  raised,  until  it  arrivBS  at  a  pofi* 
tion  where,  if  the  blast  were  shut  off,  the  tuyeres  would  be  covenl 
bj  about  1 1  in*  to  2  ins.  of  metal. 

It  is  easy  to  understand  that  by  tilting  the  converter  moie  or 
less,  and  by  manipulating  the  blast  valve,  the  operator  can  at  viH 
change  the  volume  and  pressure  of  the  blast  to  correspond  witik 
the  requirements  of  the  different  phases  of  the  operation. 

It  is  of  great  advantage  to  be  able  to  control  the  pressure  of  tk 
blast  so  as  to  regulate  it  at  the  different  periods  of  the  operatioi, 
and  in  proportion  to  the  quantity  of  the  charge  in  the  converter 

The  resistance  to  the  blast  may  be  varied  by  tilting  the  ooo- 
verter  more  or  less  on  one  or  the  other  side,  and  as  the  tuyeres  bafii 
all  the  same  height  of  metal  to  support,  the  pressure  on  each  tuyen 
is  consequently  the  same. 

It  is  obvious  that  the  blast  pressure  required  is  much  less  thui 
in  the  ordinary  Bessemer  converter.  A  converter  which  has  thi 
tuyeres  at  the  bottom  wiU  require  a  much  higher  pressure  of  Vbd 
than  one  which  has  its  tuyeres  at  the  sides. 

In  an  ordinary  Bessemer  converter,  the  height  of  the  iron  above 
the  tuyeres  is  the  entire  depth  of  the  metal,  and  in  the  *'  Bobezt' 
converter  it  is  only  about  from  10  to  15  centimetres ;  the  result  ifl, 
that  an  economy  of  blast  force  is  obtained  for  the  same  quantity  of 
iron. 

The  average  pressure  of  the  blast  is  about  4  lbs.,  the  aim 
being  to  have  just  sufi&cient  pressure  to  keep  the  slag  **  out  of  Ai 
metal,"  and  to  produce  the  rotation  of  the  bath.  In  no  case  should 
the  blast  penetrate  deeply  into  the  bath ;  it  must  only  impinge 
upon  its  surface. 

The  first  period  of  the  blow  lasts  from  seven  to  eight  minutes, 
the  second  from  three  to  four.  At  the  end  of  the  second  period  the 
flame  disappears,  and  it  might  be  supposed  that  the  carbon  has  been 
eliminated.  The  blow,  however,  is  continued  during  a  third  period, 
lasting  from  one  and  a  half  to  two  minutes,  in  which  the  flame  reap- 
pears, and  is  of  considerable  size.  As  a  rule  the  blows  are  quiet 
As  soon  as  the  flame  drops,  after  this  third  period,  the  converter  is 
turned  down  and  about  one  per  cent  of  seventy  per  cent,  f erro-man- 
ganese  added.     The  converter  is  then  allowed  to  stand  about  ten 


270  THE  ROBERT-BESSEMER  STEEL  PROCESS. 

zontal  surface ;  above  this  are  placed  two  layers  of  bricks,  laid  flat 
The  thickness  of  the  sand  and  the  bricks  must  be  calculated  m 
that  the  lining  of  the  bottom  is  at  least  10  ins.  thick,  and  its  upper 
surface  11^  ins.  below  a  plane  passing  through  the  axis  of  thi 
tuyeres.  When  the  bottom  is  completed  the  lining  of  the  sidei 
is  constructed. 

Suppose  we  are  dealing  with  a  converter  calculated  to  contiin 
from  1000  lbs.  to  3600  lbs.  of  pig  iron.  The  mould  is  made  in  thi 
following  manner : — On  the  line  AB  (fig.  6),  which  represents  the 
interior  flat  surface,  a  perpendicular  DE  is  erected.  On  this  pe^ 
pendicular,  from  the  point  D,  a  distance  DC  is  marked  equal  to  1\ 
ins.  From  the  point  C  as  a  centre,  with  a  radius  of  15^  ins.,acI^ 
cumference  FKG  is  described,  which  represents  the  shape  of  the 
interior  of  the  converter. 

At  the  part  corresponding  to  the  mouth,  the  lining  gradoallj 
diminishes  until  there  is  a  thickness  of  one  brick  only. 

If  the  converter  is  designed  for  a  greater  capacity  than  3600  lbs, 
the  interior  dimensions  of  the  lining  will  be  increased  without 
increasing  too  much  the  distance  of  the  point  K ;  that  is  to  say, 
in   proportion  as   the  transverse  section    of  the   area   increases 

DK 

the  proportion  — :      diminishes,  and  the  curve  CKF  becomes  semi- 

20xL 
elliptical. 

Fin.  7  shows  the  form  and  dimensions  of  the  bricks  suitable 
for  a  1-ton  apparatus ;  the  bricks  of  the  form  A  are  for  the  curved 
portion  of  the  lining ;  the  bricks  B  are  for  all  the  other  parts,  the 
bottom,  flat  surface,  &c. ;  10  ins.  is  given  as  the  length  of  the 
bricks  A,  but  they  can  be  made  of  a  length  equal  to  the  thickness 
of  the  curved  portion  of  the  lining.  The  mortar  used  for  the 
joints  in  acid  linings  must  be  very  refractory.  The  cost  of  a 
brick  lining  is  rather  high.  A  skilled  and  careful  workman  is 
required  to  make  it,  otherwise  the  joints  are  not  made  close 
enough,  and  escapes  occur.  If  clay  suflBciently  refractory,  and 
capable  of  binding  well  when  rammed,  can  be  obtained,  it  is  pre- 
ferable to  make  the  lining  of  composition.  Its  cost  is  much  less 
than  that  of  a  brick  lining,  its  construction  is  more  rapid,  it  does 
not  require  special  workmen,  and  it  is  more  homogeneous. 

We  commence  by  lining  the  bottom  to  the  desired  thickness, 
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disposed  in  the  same  waj.    Care  must  be  taken  to  preserve  Uie 
respective  inclinations  whilst  ramming. 

When  the  tuyeres  are  nearly  worn  out,  the  operation  can  be 
continued  by  doing  the  small  necessary  repairs  every  four  or  fire 
blows.  The  apparatus  is  placed  in  the  position  shown  at  fig.  13, 
balls  of  mortar  are  thrown  on  the  tuyeres,  and  they  are  beaten  down 
with  an  iron  peel  or  trowel  Holes  are  pierced  in  this  mortar 
by  means  of  a  mandril  of  the  diameter  of  the  tuyeres,  and  it  is 
allowed  to  dry  for  from  fifteen  to  twenty  minutes.  With  a  l-ton 
apparatus,  and  the  arrangement  of  tuyeres  above  indicated,  expe- 
rience has  proved  that  the  best  blast  pressure  on  the  tuyeres  u 
from  3  to  4  lbs.  per  square  inch.  Below  3  lbs.  operations  are  veiy 
lengthy  and  difficult  to  manage.  Above  4  lbs.  they  are  colder, 
last  almost  as  long,  and  the  waste  is  greater. 

Whatever  the  pressure  one  may  have  at  disposal,  a  regulating 
valve  is  necessary.  When  the  capacity  of  the  apparatus  is 
increased,  the  number  of  tuyeres  must  be  increased,  but  the  blast 
pressure  need  not  be  appreciably  higher. 

The  analysis  of  the  pig  iron  used  at  the  Paris  works,  150  Rue 
Oberkampf,  is  as  follows : — 

Per  cent. 

Carbon 3*50 

Silicon 2*00 

Manganese 1*00 

Sulphur 0*05 

Phosphorus .........        0*05 

The  resulting  steel  had  a  range  of  from  0*07  to  0"30  per  cent, 
carbon,  from  1'60  to  3*90  per  cent,  silicon,  and  about  1*00  per  cent 
manganese. 

It  is  claimed  for  the  process  that  the  composition  of  the  resulting 
steel  can  be  regulated  to  a  nicety.  It  is  very  doubtful,  however, 
if  it  possesses  any  advantages  over  the  ordinary  Bessemer  process 
in  this  particular. 

Pig  iron  having  a  high  percentage  of  silicon  naturally  causes 
a  high  temperature  in  the  operation,  but  it  has  the  disadvantage  of 
materially  increasing  the  waste.  On  the  other  hand,  it  is  inad- 
visable to  reduce  the  percentage  below  1*4  in  the  pig  iron  at  the 
cupola. 

""       '  the  percentage  of  silicon  is  low,  in  order  to  obtain  a  high 
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This  thick  mixture  is  much  more  dense  than  the  thin  ;  its  com- 
position in  weight  is  about — 

Tar 15 

Dolomite 86 

100 

The  lime  used  must  be  free  from  moisture^  and,  like  the  dolomite, 
contain  as  little  silica  as  possible.  The  composition  of  the  result- 
ing basic  slag  is  about  as  follows : — 

Ptre«nt 
Silica 

Lime ,  .        .        .  25'80 

Magnesia    .        .                        trace 

Oxide  of  iron '  trace 

Phosphoric  acid 16*00 

Sulphur 0-17 

Manganese 2*80 

The  amount  of  phosphoric  acid  varies  from  15  per  cent  to  25 
per  cent. 

The  following  tables  of  tests  of  "  Eobert "  steel  were  supplied  bj 
the  Robert  Steel  and  Iron  Company  (Limited),  London.  They  are 
claimed  to  be  average  working  results  obtained  at  the  Blaenavon 
works  in  England,  and  at  the  Stenay  works  in  France. 
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The  following  are  analyses  of  basic  Robert  steel  made  at  the 
Blaenavon  works : — 


1. 

a. 

s. 

c 

Carbon .  '     . 

•112 

•122 

•102 

•0S4 

Silicon  .... 

•027 

•022 

XWS 

•100 

Salphnr 

•136 

•(MS 

•oa2 

trace 

Phosphorus  . 

•060 

•052 

•049 

•076 

Manganese    . 

•258 

•411 

•807 

trace 

Silicon  in  No.  4  has  been  repeated  with  result  Si  =  *093  per 

cent. 

The  following  tables  show  (pp.  279-280)  the  total  amounts  of 
material  used,  and  the  resulting  productions  of  the  cudd  and  Jnm 
converters  at  the  Stenay  works  for  the  months  of  May  and  June 
1889.    The  figures  have  been  converted  into  English  lbs. 

Besults  of  Expebiments  with  Steel*  Castings  hade  bt  thb 
"Egbert"  Process — ^Acid  Steel  (Stenay). 

Average  Chemical  Analysis  of  24  Samples  of  various  Steel  Castings, 


Silicon. 

Manganese. 

Carbon. 

0^144 

1-077 

0^250 

Average  Tensile  Test  of  the  above  24  Samples. 


Tensile  Strain  per 
Square  Inch. 

Elongation. 

31*3  tons. 

16 '3  per  cent. 

It  is  claimed  by  the  inventor  that,  by  the  acid  process,  steel  of 
any  desired  quality  can  be  produced,  and  especially  for  making 
castings  of  the  highest  quality  of  soundness  and  finish ;  and  that 
by  the  basic  process  a  peculiarly  soft,  ductile  metal  is  produced, 
equal  in  all  respects  to  irons  of  the  highest  class  manufactured  in 
South  Yorkshire  and  Staffordshire. 
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When  I  mentioned  to  Sir  Henry  Bessemer  that  excellent 
material  had  been  produced  in  this  converter,  he  replied  that 
if  you  blow  the  proper  amount  of  air»  in  any  manner  yoa 
please,  through  good  pig  iron,  you  will  get  a  good  sted. 
Whether  such  is  a  fact  or  not,  we  should  not  condemn  the 
Bobert  converter  in  toto  until  it  has  failed  to  produce,  under  the 
same  conditions,  a  hetter  result  when  tried  side  by  side  with  tt 
ordinary  Bessemer  converter,  or  else  failed  to  produce  an  eqnl 
result  with  a  greater  economy.  May  it  not  be  possible  that  IL 
Bobert  has  produced  with  somewhat  similar  means  what  Sir  Hsnij 
Bessemer  failed  to  do  years  ago  ? 

The  criticism  that  in  the  Bobert  converter,  as  in  all  small  Bsbn- 
mer  converters,  the  blows  are  too  cold,  does  not  seem  to  be  substiD* 
tiated.  At  the  Paris  works,  I  timed  the  interval  from  the  end  A 
the  blow  until  all  the  metal  had  been  cast  by  means  of  smsU 
ladles  to  be  from  twenty*five  to  thirty  minutes.  As  far  as  I  could 
observe,  the  metal  at  the  last  ladlef  ul  was  nearly  as  fluid  as  at  the 
first 

I  greatly  regret  that  I  have  not  had  the  time  nor  the  opportoni* 
ties  to  give  this  subject  a  more  careful  study,  but  it  is  to  be  hoped 
that,  as  many  of  the  members  will  see  the  converters  themselves, 
points  which  have  been  omitted,  or  but  barely  mentioned,  in  thie 
paper  will  be  brought  out  in  the  discussion. 


^p^^"^^»* 
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"  To  the  owners  and  managers  of  the  works  to  be  visited  at 
Creusot,  the  Loire,  Longwy,  the  Nord,  and  the  Pas-de-Calais;  for 
throwing  open  their  works  for  the  inspection  of  members,  and  for 
the  hospitality  they  have  offered,  on  the  occasion  of  the  meeting 
in  Paris. 

"To  the  London,  Chatham,  and  Dover  Bailway  Company, the 
London,  Brighton,  and  South  Coast  Bailway  Company,  the  Soutlh 
Eastem  Bailway  Company,  the  Chemin  de  fer  de  I'Oaest^  lal 
the  Chemin  de  fer  du  Nord,  for  the  exceptional  facilities  whiek 
they  have  afforded  to  the  members  of  the  Lx)n  and  Steel  Inflth 
tute  on  the  occasion  of  their  general  meeting  in  Paris. 

"  To  Mr.  Henry  Chapman,  for  the  complete,  satisfactory,  aoi 
successful  arrangements  which,  as  Honorary  Local  Secretary,  be 
has  made,  in  connection  with  the  Soditd  des  Ing^nieurs  Civili,  for 
the  present  meeting.'' 

The  resolutions  were  adopted  by  acclamation. 

Mr.  Adamson  said  that  they  would  be  neglecting  an  important 
duty  if  they  did  not,  before  closing,  give  their  best  thanks  to 
their  worthy  President  for  the  manner  in  which  he  had  presided 
over  the  meeting,  and  the  great  work  that  he  had  performed  so 
efficiently,  even  when  he  had  been  absent  from  the  meetings,  in 
perfecting  the  organisation,  which  had  resulted  in  so  pleasant  a 
gathering.  He  begged  to  propose  "  that  the  best  thanks  of  the 
Iron  and  Steel  Institute  be,  and  are  hereby,  tendered  to  the 
President,  for  the  judicious  and  courteous  manner  in  which  he  has 
presided  over  the  Paris  meeting."  It  was  unnecessary  that  he 
should  add  anything  to  enforce  the  President's  suitability  for  the 
position  to  which  he  had  been  appointed  by  the  members  of  the 
Institute.  Personally,  he  rejoiced  to  think  that  they  had  so 
good  a  President,  and  he  hoped  that  he  would  have  equally  good 
health,  and  would  feel  equally  at  home,  when  they  met  him,  as 
he  hoped  most  of  them  would  do,  next  year  in  America. 

Mr.  S.  E.  Platt  had  great  pleasure  in  seconding  Mr.  Adam- 
son's  proposal,  which  required  no  further  words  from  him.  They 
all  knew  the  President's  great  ability,  and  it  must  certainly  be  a 
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gratiGcation  to  him  to  see  so  many  members  atteDding  the  Paris 
meeting. 

The  motion  was  carried  by  acclamation. 

The  PassiDENT  said  he  was  much  obliged  to  the  members  for 
having  passed  the  vote  of  thanks  so  cordially.  He  was  proud  to 
think  that  the  meetings  they  had  held  had  been,  perhaps,  the  most 
successful  meetings  of  the  Instituta  As  their  numbers  increased, 
ao  their  influence  would  extend,  and  the  usefulness  of  their  pro- 
ceedings would  be  more  widely  felt.  If  he  had  been  able  so  far 
to  serve  the  members  satisfactorily,  he  hoped  that  he  might  be 
permitted  to  continue  to  do  so  with  equal  approbation  until  the 
end  of  his  term. 


VISITS  AND  EXCURSIONS. 


Inspection  of  the  Eiffel  Tower. 

On  the  morning  of  Thursday,  the  26th  of  September,  the  membenet 
the  Institute  assembled  at  the  Eiffel  Tower  (south  pier),  where  thejiran 
met  hy  M.  Eiffel  and  by  a  number  of  membeis  of  the  SocHU  dm  h- 
genteura  Civils,  The  party  were  carried  to  the  top  of  the  third  pittfbm 
(905  feet  in  height),  where  they  spent  a  considerable  time  in  <Mftwimw(f 
the  arrangements  of  the  tower,  and  in  admiring  the  far-reaching  poroqnet 
that  lay  around  in  all  directions.  [Fortunately  the  weather^  on  tbi 
occasion  was  all  that  could  be  desired. 

At  twelve  o'clock  the  members  were  entertained  at  luncheon  at  the 
Bestaurant  Brebant,  on  the  first  platform,  by  the  SoeUU  des  IngMem 
Civils.  M.  Eiffel  presided.  More  than  300  sat  down,  and  the  spadooB 
restaurant  was  filled  to  overflowing. 

After  lunch,  Sir  James  Kitson,  President  of  the  Institute,  proposed 
the  health  of  M.  Eiffel  in  appropriate  terms,  and  congratulated  him 
upon  his  success  in  the  construction  of  so  graceful  a  structure  as  the 
tower  that  bears  his  name. 

M.  Eiffel  responded  as  follows  : — 

Messieurs, — Je  ne  veux  pas  renouveler  les  toasts  qui  ont  ^te  pcates 
hier,  avec  tant  de  dignity  et  de  courtoisie,  par  votre  Fr^idoifc^  Sir 
James  Kitson.  Je  tiens  seulement  k  vous  dire  que  je  sois  heureux 
d'avoir,  au  nom  de  la  Soci^t^  des  Ing^nieurs  Givils  k  vous  reoevoir  id  ei 
d'avoir  pu  vous  faire  visiter  en  detail,  cette  Tour  qui  est  Tune  des  plus 
grandes  constructions  m^talliques  qui  aient  ^t^  faites.  Nous  aavons  en 
effet  que  vous  excellez  dans  Tart  de  ces  constructions  oA  vous  aveiddbiit^ 
si  glorieusement  par  le  Pont  Britannia  avec  Stephenson  et  oti  vous 
poursuivez  votre  brillante  carri^re  avec  le  Pont  da  Forth  anquel  kt 
noms  de  MM.  Fowler  et  Baker  resteront  k  jamais  attaches. 

Bien  d'autres  constructions,  notamment  la  galerie  des  mA^hinee  dont 


290  VISITS  AND  KXCUBSIONS. 

itexos  on  the  printed  programme  which  had  been  prepared  for  the 
guidance  of  the  party  were  as  under : — 

8.30  A.M. — Inspection  of  the  rolling-mills. 
10         ,,       Visit  to  the  forge,  with  the  steam-hammer  of  100  tool 

and  the  press  of  6000  tons. 
10.45    „       Visit  to  the  artillery  shops. 

11.15    „       Visit  to  the  polygon,  where  a  24<nn.  gun  was  to  be  firei 
11.45    „        Proceed  to  the  offices  of  the  firm. 
1 2     noon . — Dejedner, 

2.15  P.M. — Resume  inspection  of  the  works. 

2.30    „       Visit  the  engineering  shops. 

3.45    „       Visit  the  steelworks,  passing  en  route  the  blast-fomaoefl. 

4.30    „        Proceed  to  the  chief  offices  for  refreshment& 

5.00    „        Leave  by  train  for  Dijon. 

The  above  programme  was  adhered  to  as  closely  as  possible,  and  M. 
Schneider  and  his  chief  managers  and  engineers,  who  remained  with 
the  party  throughout  the  day,  were  indefatigable  in  answering  all 
questions,  and  affording  all  information  likely  to  be  useful  or  interest- 
ing to  their  guests. 

The  visitors  observed  in  the  rolling-mills  all  the  operations  that  are 
usual  to  such  an  establishment,  except,  perhaps,  the  manufacture  of 
rails,  which  are  not  now  produced  at  Creusot  to  any  extent.  The  chief 
manufactures  were  bars,  channels,  deck  plates  for  protected  cruisers, 
and  wire  rods.  There  were  many  different  trains  of  rolls  in  operation, 
and  alongside  of  these  were  ordinary  and  mechanical  puddling  furnaces. 
Three  high  rolls  were  employed  in  the  rolling  of  H  iron.  The  bars 
used  for  this  purpose  were  delivered  on  to  a  floor  which  was  crossed  by 
several  slides,  in  which  pitched  chains  carrying  lugs  were  worked. 
These  chains  were  set  in  motion  when  a  bar  was  delivered,  and  the 
lugs  projecting  above  the  floor  carried  the  bar  to  one  side  of  the  space 
provided  for  it.  For  the  heavier  sections  of  bars,  the  mills  employed 
had  rising  and  falling  tables  at  each  side,  which  rose  or  fell  as  rec(uired 
to  deliver  the  bloom  to  the  rolls.  These  movable  tables  are  worked  bj 
steam  cylinders,  and  serve  to  reduce  considerably  the  labour  of  the 
men.  For  the  rolling  of  deck  plates  a  large  and  powerful  reversing 
mill  is  employed,  capable  of  rolling  ingots  up  to  11  or  12  tons. 
An  11 -ton  ingot  was  passed  through  this  mill  in  the  presence  of  the 
visitors,  and  reduced  to  a  plate,  intended  for  the  deck  of  a  Chilian 
cruiser,  which  measured  14  metres  in  length,  by  1*56  metre  in  width, 
and  50  millimetres  thick. 
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Medal,  which  had  Ijeen  awarded  to  M.  Schneider  by  the  Council  of  the 
Institute,  and  was  to  have  been  presented  to  that  gentleman  at  "Bm, 
had  he  not,  by  public  duties,  been  prevented  from  attending. 

Sir  LowrniAX  Bell,  Bart.,  F.RS.,  Past-President  of  the  Instital^ 
on  behalf,  and  at  the  special  request,  of  the  Ck)uncil,  made  the  presentir 
tion  in  the  absence  of  the  President,  who  had  arranged  to  proceed  wiH 
the  party  visiting  the  works  in  tlie  district  of  the  Loire.  Sir  Lowthin, 
in  the  course  of  his  remarks,  referred  to  the  long  connection  that  hid 
existed  between  M.  Schneider  and  himself,  and  to  the  enterprise  aad 
ability  with  which  the  great  works  at  Creusot  had  always  been  con- 
ducted. Among  other  special  qualities  required  for  conducting  sndi  a 
gigantic  establishment  as  that  which  constituted  one  of  the  objects  d 
their  visit,  was  the  ability  to  select  a  suitable  staff  for  carrying  out  the 
instructions  of  the  commander-in-chief.  Sir  Lowthian  referred  to  hii 
long  acquaintance  with  M.  Barba  and  other  officers  entrusted  wA 
the  direction  of  the  Company's  affairs,  and  was  able  from  personal 
observation  to  speak  with  great  confidence  of  their  high  capadty  and 
intelligence.  Those  qualities  had  enabled  M.  Schneider  and  his  dis- 
tinguished father  to  establish  there,  almost  in  the  centre  of  Franoa^ 
and  far  remove<l  from  the  sea,  the  most  important  works  of  their  kind 
in  that  great  and  important  country.  M.  Schneider  had  shown  his 
appreciation  of  the  value  of  new  processes  and  improvements,  such  as 
it  was  the  special  business  and  aim  of  the  Iron  and  Steel  Institute  to 
promote,  in  many  ways.  He  had,  at  a  comparatively  early  date,  taken 
up  the  manufacture  of  Bessemer  steel,  and,  more  recently,  he  had 
carried  out  the  basic  processes  in  a  satisfactor}"^  manner.  The  con- 
nection of  Creusot  with  the  early  introduction  of  the  steam-hammer 
was  ver}'  well  known ;  and  so  also  with  other  mechanical  and  metal- 
lurgical advances.  Sir  Lowthian  had  no  doubt  that  the  members  of 
the  Institute  would  derive  both  pleasure  and  profit  from  their  visit 
to  Le  Creusot  on  that  occasion,  and  he  thanked  M.  Schneider  on  their 
behalf  for  the  considerate  and  liberal  hospitality  with  which  they  had 
been  received.  Sir  Lowthian  concluded  by  proposing  the  health  of 
M.  Schneider  and  his  family. 

M.  Schneider,  on  receiving  the  medal  from  the  hands  of  Sir  Low- 
thian, made  an  appropriate  reply.  He  expressed,  first  of  all,  his 
satisfaction  at  seeing  so  many  members  of  the  Institute  at  Le  Creusot, 
although  he  would  have  been  better  pleased  if  many  more  had  coma 
He  deeply  felt  the  honour  which  had  been  conferred  upon  him  by  the 
Council  of  the  Institute  in  awaixling  to  him  the  blue  riband  of  the 
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30  per  cent  of  11*00,  the  blast  being  heated  to  750*  C,  at  a  premnof 
18  centimetres  of  mercury. 

At  the  works  of  Messrs.  Saiiitignon  &  Co.  there  are  two  WtA- 
furnaces  with  open  tops,  with  Cowper  stoves  18  metres  high  fajSift 
meti*es  in  diameter,  the  blast  being  heated  to  from  750*^  to  800*  G. 
MM.  Saintignon  &  Co.  are  the  inventors  of  an  improved  pTrooute 
actuated  by  means  of  a  current  of  water  for  measuring  the  tempentaie 
of  the  blast  at  the  tuyeres.  Each  furnace  is  provided  with  four  wpftK 
tuyeres,  each  IGO  millimetres  hi  diameter.  The  coke  employed  coibbi 
from  Belgium;  it  contains  13  per  cent.  ash.  About  1230  kilos,  pff 
ton  of  No.  3  iron  produced  are  required  when  working  with  a  biiidfli 
containing  29^  per  cent  of  iron. 

At  the  works  of  La  Societe  des  HauU-foumeaux  de  la  Chien  then 
are  two  large  blast-fumaces  of  6*50  and  7  metres  in  diameter,  resptt- 
tively,  at  the  top  of  the  bosh,  and  19*50  metres  in  height.  They  lie 
together  capable  of  producing  200  tons  of  foundry  pig,  or  250  toni  d 
forge  pig,  per  24  hours.  Etich  is  furnished  with  four  Cowper-^emflU 
stoves  of  17*50  metres  in  height,  two  steam  lifts,  two  vertical  blowiDf 
engines,  system  Cockerill,  with  two  steam  cylinders  and  one  air  ejliiider 
of  3  metres  in  diameter  and  2*40  metres  stroke.  There  are  nine  boflezi 
with  double  tubes,  heated  by  the  waste  gases  from  the  fumaoea.  The 
ores  are  obtained  from  the  deposit  of  Mont-de-Chat,  and  from  the  miiw 
of  Laroux-Longlaville  and  La  Madeleine. 

After  leaving  the  works  at  Senelle,  the  party  again  took  the  train, 
and  arrived,  at  4.30,  at  Mont-St.-Martin,  where  the  blast-furnaces,  con- 
verters, and  rolling-mills  of  the  Longwy  Steelworks  were  inspected. 
This  large  establishment  consists  of  six  blast-fumaces  of  300  to  480  cubic 
metres  capacity,  thi'ee  on  each  side  of  the  railway;  three  basic-lined 
converters,  each  of  15  tons  capacity,  capable  of  producing  400  tons  of 
ingots  per  day,  and  powerful  rolling-mills  for  blooms^  rails,  billets,  sheets, 
and  wire  rod.  The  basic  linings  of  the  converters  last  for  160  to  175 
operations,  the  plugs  going  from  16  to  25  blows.  The  dolomite  is 
shrunk  in  three  cupolas,  with  natural  draught,  the  firing  lasting  S 
days,  the  whole  charge  of  the  cupola  being  drawn  at  one  time.  The 
Thomas  pig  employed  in  the  manufacture  of  the  basic  steel  is  taken 
molten  from  the  blast-furnace  to  the  converter,  and  contains  from  I'S 
to  2  per  cent,  of  nuinganese,  2  per  cent,  of  phosphorus,  from  0*35  to 
0*40  per  cent,  silicon,  and  0*05  per  cent  sulphur.  Majiganiferous 
ores  from  Nassau  are  employed  in  its  manufacture.  The  slag  is  ground, 
and  sold  as  a  fertiliser,  for  tbirty-six  francs  per  ton  at  the  works.    A 
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Dudelange,  used  in  the  production  of  Thomas  pig,  the  samples  having 
been  dried  at  100"  C. :— 


Luxembourg  Ores. 

Manganese  Ore. 

Minettes 

Minettes 

Minettes 

Minend 

Grides. 

Jauuea. 
2-2-20  m. 

Rouges. 

de  Naisau. 

Thickness  of   bed  in 
metres 

1 
>  1     3  metres 

1  metre 

•  •• 

Silica   . 

6-62 

7-22 

1078 

10-82 

Ferric  oxide 

.  !        4973        1 

58-50 

68-20 

35-28 

Alumina      • 

5-68 

6-69 

5-96 

7-84 

Lime    •        • 

1610 

8-00 

6-45 

1-46 

Alagnesia 

0-83 

0-85 

079 

0-86 

Phosphoric  acid  . 

179-1-90 

211 

210 

019 

Volatile  matter   . 

20  76 

1716 

15-70 

1013 

Metallic  iron 

34-81 

40  95 

40*74 

MnOa  28-51 U 
MnO     6-31  f 

Phosphorus  . 

078 

1 

0-92 

om 

The  annual  production  of  steel  ingots  at  these  works  is  about  110,00^ 
tons. 

The  ordinary  quality  of  steel  produced  has  about  the  following  com- 
position : — Carbon,  -06  to  '07  per  cent. ;  phosphorus,.  K)!  to  08  per 
cent. ;  manganese,  *3  to  *35  per  cent.  Eji;ra  soft  material  is  also  pro- 
duced  in  which  the  phosphorus  is  about  "03  to  '04  per  cent. 

The  after-blow  lasts  three  minutes.  3*5  kilos,  of  60  per  cent,  ferro. 
ai-e  added  per  ton  of  pig  converted. 

The  basic  slag  produced  has  the  curious  characteristic,  which  is  not 
met  with  in  other  basic  slags,  of  rapidly  falling  to  a  flakey  powder  oa 
cooling.     Its  composition  is : — 

Silica 5-85 

Protoxide  of  iron 14  -06 

Peroxide  of  iron 1*47 

Protoxide  of  manganese 5-58 

Alumina •        •        .  trace 

Limo 53-50 

Magnesia       • 2-95 

Phosphoric  acid 16*69 

Sulphur 0-33 

The  basic  linings  ai^  rammed,  and  go  150  blows;  the  plugs  go  2*2 
blows.  There  are  100  holes  in  the  plugs,  18  mm.  diameter  at  the  top,, 
and  20  mm.  diameter  at  the  bottom ;  formerly  they  only  used  80  holes, 
but  they  find  that  with  100  the  oxidation  is  les& 

After  [inspecting  the  steelworks  and  rolling-mills,  the  party  re- 
entered the  special  train,  and  were  taken  by  it  close  to  the  ch&teau  of 

*  Equals  22*18  per  cent,  metallic  manganese. 
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M.  Emile  Metz  at  Dommeldange,  where  they  were  hospitably  enter*^ 
tained  at  lunch  by  M.  and  Madame  Metz. 

The  party  subsequently  returned  to  Longwy,  where  they  finally 
broke  upi 

'  Excursion  to  Maubeuqe. 

A  small  party  of  members  of  the  Institute  left  Paris  on  Thursday, 
the  26th,  in  order  to  visit  some  of  the  works  in  the  Nord.  The  party 
was  received  at  Maubeuge  by  M.  Jambille,  director-general  of  the 
Maubeuge  Company,  by  M.  Dumont,  fiU,  representing  the  Societe  dee 
Forges  de  Gustave  Dumont  et  Cie ;  by  M.  Duf er,  director  of  [  the 
Societe  Anonyme  de  la  fahrique  de  fer  de  Maubeuge ;  by  MM.  Victor 
and  Armand  Dumont  of  the  Espi^rance  Works;  by  MM.  Jaumain  and 
Freson  of  the  Providence  Works ;  and  by  MM.  Armand  Sepulchre  of 
Alnoyl ;  Morel  Sepulchre  of  Tilleul ;  Felix  Sepulchre  of  Vezin-Aulnoye, 
and  others. 

The  first  works  visited  were  those  of  the  Saint-Marcel  at  Aulnoye, 
which  are  devoted  to  the  manufacture  of  wrought  iron.  The  party 
afterwards  visited  the  blast-furnaces,  steelworks,  and  rolling-mills  of 
Providence,  where  sheets,  plates,  and  merchant  iron  are  produced.  The 
other  works  visited  were  those  of  Maubeuge  blast-furnaces,  rolling- 
mills,  and  foundries ;  and  the  works  of  Tilleuil,  belonging  to  the  Yezin- 
Aulnoye  Company  at  Maubeuge,  where  merchant  iron  is  produced.  \ 

The  Comite  des  Forges  du  Nord,  of  which  M.  Martelet  is  the  chair- 
man, entertained  the  members  at  luncheon  at  Tilleuil,  when  M.  Jam- 
bille  proposed  the  toast  of  the  Iron  and  Steel  Institute  and  its  President ; 
and  among  the  other  toasts  given  were  the  forgemasters  of  the  North 
of  France,  and  the  French  iron  industry 

It  was  proposed  that  a  fifth  excursion  should  be  made  to  the  steel- 
works of  Isbergues,  in  the  Pas- de- Calais,  but  the  number  of  members 
who  gave  in  their  names  was  so  limited  that  the  idea  was  abandoned. 
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I,— OCCURRENCE  AND  COMPOSITION. 
Oeological  History  of  Iron  Ores. — ^A  valuable  contribution  to 

the  geological  history  of  iron  ores  has  recently  been  made  by  Mr.  W. 
H.  Hudleston.*  An  iron  ore  is  defined  as  a  mixture  of  oxides  or 
salts  of  iron  with  earthy  or  carbonaceous  impuritiesi  and  containing  from 
72  per  cent,  of  iron  downwards.  Excluding  sulphur  compounds,  there 
are  only  four  minerals  of  importance,  namely,  magnetite,  hsmatite, 
limonite,  and  chalybite.  Iron  is  probably  the  prevailing  element  in 
the  solar  system ;  meteorites  show  that  there  is  abundance  of  iron  in 
Kosmos,  so  that  it  probably  exists  to  a  large  extent  in  the  centre 
of  the  earth.  The  most  abundant  iron  silicates  are  mica,  hornblende^ 
and  augite,  and  next  come  olivine  and  hypersthene.  These  minerals  an 
variously  acted  on  by  carbonic  acid.  By  studying  the  relation  of  iron 
to  oxygen,  and,  secondly,  the  action  of  carbon  products  upon  these 
elements,  the  conclusion  is  arrived  at  that  a  large  proportion  of  iron 
ores  is  engendered  by  vegetable  decomposition,  such  processes  acting 
as  accumulators  of  the  ore  itself.  The  reactions  are  illustrated  in  the 
formation  of  bog  ore.  Iron  bicarbonate  dissolved  in  the  water  is 
decomposed  by  oxygen,  the  oxide  becomes  hydrated  and  sinks.  Then 
again,  decomposing  organic  matter  abstracts  the  oxygen,  and  so  the 
solution  and  precipitation  is  kept  up  indefinitely  till  some  cause  leads 

•  Proceedings  of  the  Geologists^  Association,  voL  xi  pp.  104-144. 
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annually,  whilst  the  output  in  France  itself  is  steadily  diminishing,  u 
will  be  seen  from  the  following  table  : — 


1 

Year. 

Output, 

Value. 

Woi^ptoplt 
employed. 

Tons, 

Francs. 

1836 

2,275,000 

4,988,000 

13,042      1 

1846 

8,008,000 

7,768,000 

12,870      ' 

1856 

4,608,000 

16,455,000 

20,584 

1866 

8,790,000 

13,626,000 

12,268 

1876 

2,393,000 

18,371,000 

9,296 

1886 

1,999,000 

6,915,000 

5,411 

The  ores  from  the  Department  of  Meurthe-et-Moselle  supply  a  large 
part  of  the  blast  furnaces  of  North-East  France.  The  Micheyille  mines, 
lOJ^  miles  from  Longwy,  afford  a  good  example  of  the  mode  of  occur- 
rence of  the  ore  in  this  Department  The  ore  found  is  an  oolitic 
ironstone,  and  three  different  kinds  are  won  : — 

(1.)  An  upper  calcareous  deposit,  8  feet  4  inches  in  thickness,  poor 
in  iron,  the  composition  being  as  follows  : — 


Silica. 
13-40 


Alumina. 
6*70 


Lime. 
18-80 


Iron. 
27-02 


Phosphoric  Anhydride. 
116 


(2.)  A  second  bed,  6  feet  6  inches  thick,  of  which  the  following  is  an 
average  analysis : — 


Silica. 
15-85 


Alumina. 
6-87 


Lime. 
477 


Iron. 
40-80 


Phosphoric  Anhydride. 
1-45 


(3.)  A  third  and  still  lower  bed,  5  feet  thick,  having  the  following  com- 
position : — 


Silica. 
13-23 


Alumina. 
7  07 


Lime. 
7-24 


Iron. 
39*80 


Phosphoric  Anhydride. 
1*46 


The  second  or  intermediary  deposit  is  the  one  chiefly  worked,  as  this 
ore  is  found  to  give  the  best  results  in  the  blast  furnace.  Orer 
100,000  tons  a  year  are  raised  from  this  bed. 

At  Dielette,  on  the  coast  of  Normandy,  six  beds  of  iron  ore  have  been 
found.  These  vary  in  thickness  from  10  feet  to  46  feet.  Altogether 
the  net  quantity  of  ore  at  present  available  in  these  beds  is  over 
70,000,000  tons.     The  following  is  an  analysis  of  the  ore : — 


FcjOj. 

FeO. 

3InO. 

MgO. 

CaO. 

AlaO,. 

SiO,. 

P.O.. 

LOM. 

66-24 

12-62 

0-89 

1-79 

2-45 

3-94 

10-22 

1-00 

0-66 

The  ore  occurs  in  a  number  of  parallel  beds  of  iron  ore  and  quartzite 
adjoining  granite.     They  are  worked  by  a  vertical  shaft  from  which  a 


» 


316 


THE  IRON  AND  STEEL  INDUSTRIES. 


Ohrome  Iron  Ore  from  Onova.— The  chrome  iron  onfooBdia 

the  serpentine,  occurring  near  Orsova,  on  the  Danube,  hai^  iooQidiB| 
to  A.  Gouvy,*  the  following  composition  : — 


Cr,0,. 

P,0. 

AljOJ. 

C»0. 

MgO. 

BiO^ 

TotaL 

38-95 

1613 

17-60 

2-20 

17-20 

8<X> 

»-» 

In  another  sample  the  percentage  of  alumina  reached  27*75. 

Messrs.  Gauss  Brothers,  of  Vienna,  are  erecting  near  Ononi 
works  for  the  manufacture  of  ferro-chrome  from  the  chrome  iron  w 
found  in  that  neighbourhood.  This  ore  has  the  following  percentap 
composition : — 


CrjO,. 
53  00 


Fo,0,. 
35  32 


Al.Oa. 
8-20 


HgO. 
2*00 


c«o. 

tnot 


8K>r 
S-40 


A  number  of  other  analyses  are  also  published  by  B-  Boselct 

Iron  Ore  from  Mont  Ara. — The  following  are  analyses  of  Spaniik 
iron  ores  exhibited  at  the  Paris  Exhibition  by  the  Bidassoa  Bailwif 
and  Mining  Company,  Irun : — 


Ferric  oxide   • 

Ferrous  oxide 

Manganese  oxide    . 

Alamina 

Lime       •        • 

Magnesia 

Phosphorus    . 

Sulphur . 

Silica 

Carbonic  anhydride 

Moisture  and  organic  matter 


MetaUic  iron  . 
Metallic  manganese 
Moisture         • 


Brown 
Hnmatite. 


Per  cent. 
7872 

•  •  • 

251 
1-19 
0-61 


0-10 
5-87 

li-bo 

55-09 
1-94 
3-01 


Brown 
HsBinatite. 


Percent. 
81-81 

•  •• 

2-64 
0-20 
0-63 


0-12 
3-25 

11-25 

57-25 
2-04 
8-37 


A  partial  analysis  of  roasted  spathic  ore  showed  56  per  cent  of 
iron  and  6  per  cent  of  manganese. 

Magnetite  in  North  Sweden  and  in  the  XTraL— H.  Ton 

Schwarze  %  points  out  in  what  respects  the  magnetite  mountains  of 
Xorth  Sweden  differ  from  those  of  the  Siberian  Ural,  and  in  what 
respects  they  are  similar. 

*  Stahl  und  Eisen,  voL  ix.  p.  398. 

+  Ihid.t  vol.  ix.  p.  729, 

X  ZtiUckrift  des  Verein€9  deuUeher  Inffenieure,  voL  xzxiii.  pp.  78S-785. 
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however,  is  of  frequent  occurrence  in  the  coal  series  of  Ysncoara 
and  Queen  Charlotte  Islands,  as  well  as  in  the  tertiarj  rocks  of  All 
interior.  The  only  iron  ore  deposits  which  have  yet  been  inAbIJ 
are  those  of  the  south-west  side  of  Texada  Island,  the  largest  Of^) 
sures  of  ore  occurring  about  3  miles  north-west  of  Gillies  Bay.  Hon* 
the  ore  mass  is  from  20  to  25  feet  in  thickness.  It  oonstitiiftsi  aI^ 
irregular  contact  deposit  between  limestone  and  granite.  The  onilf 
magnetite  of  excellent  quality,  containing  nearly  70  per  cent,  of  imr 
At  the  principal  deposit  of  the  ore  a  wharf  has  been  bailt  ThecR 
is  brought  down  from  the  quarry  to  the  wharf  by  an  incUae^  Ail 
height  of  the  quarry  above  sea-level  being  250  feet,  and  thelengtkol 
the  incline  \  mile.  The  shipments  in  1885  amounted  to  190  tons;  n 
1888  the  quantity  shipped  was  7300  tons,  valued  at  ^£3680.  Magus* 
tite  is  also  found  at  the  Queen  Charlotte  Islands,  the  ore  being, « 
a  rule,  very  pure,  an  exceptionally  good  specimen  yielding  on  ihij| 
69 '88  per  cent,  of  iron.  Very  pure  ore  containing  71*57  per  centrf 
iron  was  also  found  at  an  island  in  the  Walker  Group,  Queen  Cto> 
lotte  Sound.  Other  deposits  exist  at  Sooke  Harbour,  Yancoarei^' 
Island,  and  at  a  number  of  other  places. 

Iron  Ore  in  Canada. — Mr.  A.  Evans,  junr.,*  states  that  only  ok 
furnace  is  in  blast  in  Nova  Scotia,  and  none  in  New  Brunswick.  !Dm 
furnace  is  at  the  Arcadia  Mines,  and  -.practically  only  supplies  iron  fot 
its  own  works.  Ore  seems  to  be  very  scarce,  and  of  poor  quali^,  tt 
the  following  analyses  show : — 


Insoluble. 

PIO,. 

FCjOa. 

FeO. 

A1,0,. 

Mn. 

CaO. 

VgO. 

Fe(ma|^ 

I.       5-48 

■  •  • 

51-18 

2-39 

2-81 

136 

2*80 

4*40 

tL'9b 

II.     1600 

0-57 

... 

•  •• 

0*86 

■«• 

.•• 

0-46 

mi» 

Sample  No.  I.  was  calcareous  limonite  from  the  Toten  Mine^  London- 
derry, and  No.  IL  was  from  the  West  Mine. 

The  Flax- Seed  Ore  of  Wisconsin.— This  remarkable  iron  on 
deposit  has  been  recently  described  by  Mr.  J.  Birkinbine.t  There  h, 
the  author  observes,  probably  no  place  in  the  United  States  when  a 
large  quantity  of  iron  ore  can  be  mined  more  cheaply  than  from  the 
Iron  Ridge  deposit  of  Wisconsin. 


*  BuUetin  of  the  American  Iron  and  Steel  Anodaiion,  vol.  xziiL  p.  268; 
Manufacturer ,  vol.  xlv.,  No.  14. 

t  Journal  of  the  United  States  Association  of  Charcoal  Iron  Warkerg^  roL  viiL  pp.  Stt- 
250. 
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at  a  greater  elevation.     The  transport  would  thus  be  more  difficnll 
An  analysis  of  ore  from  this  claim  gave  the  following  results : — 


SIO,. 

Fe. 

CaO. 

8. 

P. 

2*80 

69  32 

0*30 

0-084 

0-099 

An  immense  deposit  of  titaniferous  iron  ore  exists  in  the  Cebolii 
district.  The  lowest  analysis  shows  9*38,  the  highest  36  per  cent  of 
titanium.  Iron  ore  is  also  found  in  Elkhom  Mountain ,  and  solid  mn- 
ganese  ore,  containing  52*2  per  cent,  of  manganese  in  a  vein  3  fieet 
thick,  is  found  in  Powder-horn  Hill.  A  poor  limonite  ocears  dose  Vfi 
in  what  appears  to  be  a  bedded  deposit. 

Thirteen  miles  from  the  railroad  and  twenty-seven  from  GonniMB 
City,  there  is  a  large  deposit  of  manganiferous  iron  ore  of  the  followiog 
composition : — 

8iO,.      MnO.     Fe,0«.      CkO.      IfgO.      CO^       ICii.         fk 

UnroMted    .    .      0*82      13-92      3901      19*55     6*03      21-05      

Boasted   ...      104      17*62      49*38      24*74      7*63        ^      13*65     31*57 

A  pure  limestone  is  found  in  numerous  localities,  with  the  following 
composition  : — 

BiliceouB  matter.  Fe,Os  and  A1,0,.  CaCO,.  VgO. 

1*44  0-13  98*17  tncM 

Coal  of  suitable  quality  is  also  found  at  Elkhom.  An  estimate  of 
the  cost  of  smelting  is  given  as  about  X2,  IO3.  per  ton. 

Bog  Iron  Ore  in  Colorado. — An  analysis  of  bog  iron  ore  from 
Crested  Butte,  by  Prof.  R.  Chauvenet,*  gave  the  following  lesults  :— 

^""^^'MatPe?^*"         SiO,.        Fc,0,.        A1,0..        CaO.      MgO.        P.  n, 

23-97  2*50       72-47         0-28       0*22       0*12    0145    SOTS 

Iron  and  Mangajiese  Ore  in  Georgia.— In  connection  with  the 

sale  of  iron  and  manganese  mines  situated  in  the  vicinity  of  Cartersville, 
Georgia,!  the  following  analyses  have  been  made  : — 

Grey  Specular  Ores, 

No.  1.  No.  2. 

Metallic  iron 66-283  61-496 

Phosphorua 0t)24  0*012 

Brotcn  Ores. 

Crow  Hurricane  Wbad« 

Bauk.  Mountain.  Bank. 

Metallic  iron       ....    53*371  55*697  47*470 

Phosphorus        ....      1*673  0*609  0*968 


*  Report  of  the  State  School  of  Afinet,  Oolden,  Colorado^  p.  29. 
t  The  Age  of  Steel,  vol.  Ixvi.,  No.  13,  p.  17. 
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Recent  Researches  on  Meteorites.— K  Cohen*  has  aiialyied 

portions  of  the  various  constituents  of  the  meteoric  iron  from  & 
Juli&s  de  Moreira,  Minho,  Portugal.  After  sabtraetion  of  tin 
schreibersite,  the  nickel  iron  gave  : — 

Iron.  Nickel.  Cobalt.  Copjper. 

92*92  6-98  1*01  0-00 

A  similar  composition  is  exhibited  by  several  other  hexahedial  irani. 
The  crust  of  the  meteorite  was  found  to  consist  of  a  mixture  of  nickd, 
iron,  and  schreibersite,  with  products  of  their  decomposition.  The 
iron  sulphide  was  found  to  consist  of  60*14  per  cent,  of  troilite» 
and  37*58  per  cent,  of  ferric  oxide.  The  schreibersite  gave,  on 
analysis,  results  corresponding  with  the  formula :  Fe^(NiCo)P2.  The 
analysis  showed  1*31  per  cent,  of  cobalt,  an  unusuidly  large  proportion. 

S.  Meuniert  gives  the  results  of  the  examination  of  a  specunen 
forming  part  of  a  meteoric  mass  found  in  1880  at  Eagle  Stataon, 
Kentucky.  Ornaments  made  from  portions  of  this  meteorite  have  been 
found  in  a  prehistoric  burial  mound  in  the  vicinity. '  The  meteorite 
has  the  structure  of  the  ordinary  syssiderites,  and  consists  of  a  metallic 
mass,  with  numerous  vacuoles  filled  with  stony  matter.  The  metallic 
mass  has  a  concretionary  structure,  and  contains  the  allojrs  toenite, 
Fe^Ni,  and  kamacite,  Fe^^Ni.  It  does'  not  resemble  the  Atacima 
meteoric  iron,  since  it  ecu  tains  augite  associated  with  olivine.  It  has, 
in  fact,  the  characteristics  of  the  type  of  syssiderites  distinguished  in 
1870  by  the  author  by  the  term  brahinite.  The  only  specimen  of  this 
kind  hitherto  known  is  the  meteoric  mass  found  in.  1822  at  Brahin 
in  Eussia. 

Daubr^e  J  describes  a  meteorite,  4^  lbs.  in  weight,  that  was  foond 
in  the  earth  at  Hamel-el-Iiequel,  Algeria.  It  belongs  to  the  holo- 
siderite  class,  and  externally  resembles  the  £io-JuncaI  meteorite.  It 
is  believed  to  have  fallen  in  qiiaternery  time. 

J.  E.  Whitfield  §  has  analysed  'a  meteorite*  from  the  State  of 
Durango,  Mexico,  and  finds  it  to  have  the  following  percentage  com' 
position : — 

Fe.  NI.  Co.  p.  8.  C. 

91-48  7-92  0-22  0-21  0-21  0^ 

Troilite  was  observable  iu  the  meteorite,  which  was  partially  decom- 
posed 

•  JaJirhuch  fiir  Mineralogie,  1889,  No.  1,  pp.  215-223.' 

t  CompUt  Rendiiz  de  I'AccuUmie  dft  Sciencetj  toL  oxviii.  pp.  702-773. 

t  Ibid.,  vol.  cviii.  pp.  930-931. 

§  American  Journal  of  Science,  vol.  xxxTiii.  p.  439. 
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to  recover  the  ore  reserves  and  pillars  by  building  brick  ardieii  M 
without  success.  The  method  now  adopted  is  to  remore  the  whok  of 
the  country  rock  on  the  hanging  wall  in  some  parts  as  far  down  m  the 
300-foot  level  Up  to  April  this  year,  about  234,570  cubic  yards  had 
been  removed,  and  of  this  7211  cubic  yards  consisted  of  ora  At  tk 
narrow  ends  of  the  ore  body,  derricks  are  placed,  and  wire  caUas  an 
stretched  across  the  intervening  space.  Two  of  these  are  horisontal,  and 
two  are  fixed  to  points  about  100  feet  below  the  surface.  Sliding  troUsp 
are  carried  by  the  ropes,  and  their  positions  are  controlled  by  tk 
winding-engines.  The  wiuding-ropes  pass  over  pulleys  on  the  trolkji 
In  order  to  save  time,  the  bodies  of  the  trucks  are  taken  off  their  wheeb 
and  lowered  into  the  pit  for  loading.  Subsidiary  cables  are  used  for 
handling  the  stuff  in  the  mine.  By  this  method  1000  tons  of  rod: 
are  handled  every  ten  hours. 

The  Transport  of  Iron  Ore  in  SpaixL — In  a  series  of  articles,  F. 
Gisbert  *  describes  the  methods  in  use  for  the  transport  of  minenk 
at  the  Sierra  de  Cartagena.  Large  quantities  of  iron  ore  are  ndsed  in 
the  district  and  are  exported  by  sea,  the  ports  being  Carthagena  and 
Portman.  From  the  mines  to  these  ports  the  means  of  transport  con- 
sists partly  of  aerial  tramAiays,  inclines  and  steam  tramways,  but  from 
the  smaller  mines,  or  in  rough  country,  the  ore  is  chiefly  sent  in  panniers 
on  donkeys.  The  author  describes  in  detail  the  aerial  tramways  at  the 
Crisoleja  and  La  Lucera  mines.  The  first  of  these  mines  is  the  most 
important  The  ore  is  limonite,  containing  about  50  per  cent,  of  iron. 
It  occurs  in  the  form  of  a  seam  averaging  about  26  feet  in  thickness. 
The  pillar-and-stall  mode  of  mining  is  adopted.  The  various  parts  of 
the  wire  ropeway  connecting  the  mine  with  Port  Portman  are  described 
by  the  aid  of  a  number  of  diagrams.  The  Otto  system  is  employed, 
the  length  of  the  rope  being  nearly  1^  mile,  the  difference  in  elevation 
of  the  starting-point  at  the  mine  and  the  terminus  at  the  port  being 
633  feet.  The  bearing  rope  is  1*18  inch  in  diameter,  and  the  hauling 
rope  0'47  inclu  The  waggons  are  placed  at  intervals  of  131  feet^  each 
one  holding  from  550  to  660  lbs.  The  cost  of  transport  of  the  ton  of 
ore  by  this  cable  from  the  mine  to  the  port  was  slightly  less  than  two- 
pence. 

At  the  Lucera  Mine  the  same  deposit  of  ore  is  worked  as  at  the 
Crisoleja  Mine.  The  ore  is  taken  to  Port  Portman  by  an  Otto  aerial 
tramway  1*40  mile  in  length,  with  a  difference  in  level  between  the 

*  Revista  Minera,  toI.  x1.  pp.  23S-83S,  24S-245,  a49-KlL 


REFRACTORY  MATERIALS. 


Fireclay  Industry  of  Orossalmerode.— According  to  Wiggert^* 

the  fireclay  deposits  of  Grossalmerode,  Hesse,  are  of  Tertiaiy  agb 
The  clay  has  the  following  percentage  composition  (I.)  : — 


I 


I. 


II. 


I  -  ._ . 


34-52 

31-63 

43-38 

1         34-44 

6-63 

21-03 

0-37 

0-25 

0-76 

0-15 

1-66 

0-70 

1-61 

0-88 

0-26 

0-08 

11-04 

11-40 

88-68 

49-90 

0-44 
0-48 
1-90 
1-81 
0-08 
11-68 


19 
70 


I  AljOj   •        .        • 

SiOj  chem.  combined 

SiOo  mech.  mixed 

MgO     . 

CaO      . 
I  FeaO,   . 

K,.0      . 

o  •        • 

Loss  on  ignition 


For  comparison,   analyses  are  given  of  clay  from  Lothain 
Meissen  (II.),  from  Klingenberg  on  the  Main  (III.)»  And  from  Stoor 
bridge  (IV.). 

The  clay  is  worked  in  an  economical  manner  by  means  of  onaU 
shafts  and  adit  levels.  The  production  of  fireclay  in  1885  amoimtad 
to  32,700  tons,  and  the  industry  afforded  employment  to  284  workmeo. 

Calcining  Magnesite. — According  to  J.  von  Ehrenwerth,t  mag- 
nesite  must  be  exposed  to  an  intense  heat  before  it  is  used  in  the 
basic  steel  furnace,  in  order  to  drive  off  the  carbonic  anhydride  and  to 
prevent  any  further  shrinkage.  The  contraction  may  amount  to  50  per 
cent.  When  the  material  is  burned  in  the  ordinary  lime  kiln,  the  ash 
of  the  fuel  is  a  disadvantage,  and  the  operation  of  drawing  ia  attended 
with  great  difficulty  on  account  of  the  intense  heat  The  open-heaith 
furnace  having  being  found  well  suited  for  magnesite  in  Styria,  tbe 
author  has  designed  a  combination  of  a  reverberatory  furnace  with  s 
gas-fired  kiln,  drawings  of  which  are  given  in  the  original  memoir. 
The  firing  is  effected  by  producer  gas.  The  cost  of  a  furnace  of  this 
description  capable  of  producing  5  tons  of  dead-burnt  magnesite  daily 
amounts  to  £416  to  £583,  inclusive^of  gas-producer  and  stack. 

*  ZeiUchrift  fur  d<u  Berg-,  HUUen-  und  Salinenweietk,  toL  zxzr.^p.  886. 
t  Oettei'rnrhUcht  ZeiUchrift  fiir  Berq-  vnd  Hiittenwaien,  vol.  xxxTii.  p.  102. 


336 


THE  IBON  AND  STEEL  INDUSTBIE8. 


Fireclay  from  Moravia. — The  days  and  claj-slates  of  the  Mli|^ 
Briesen  district  iu  Moravia  are  extremely  refractory.  Hecht  *  ffm 
the  following  analyses  of  material  from  this  district :  1.  Clay  from  Uk 
Anton  Mine ;  2.  Clay  from  the  Ferdinand  Mine ;  3  and  4.  Clay  slitei 
from  the  Anton  Mine  near  Briesen ;  5.  Carboniferous  sandstone  frm 
the  Werner  adit  level : — 


1. 

2. 

8. 

4. 

a 

Silica     .... 

45*61 

44-87 

43-48 

46-13 

78« 

Titanic  anhydride . 

■  •  • 

•  •  • 

•  •  • 

0-16 

•  •  • 

Alumina 

39-31 

39-76 

39-43 

36-24 

19-60 

Ferric  oxide  . 

1-13 

1-14 

1-61 

1-26 

0-55 

Lime 

0-37 

0-76 

0-22 

0-60 

■  •• 

Magnesia 

trace 

trace 

trace 

012 

tiaoe 

Potash  . 

0-66 

0-67 

0-34 

0-85 

(Wl 

Loss  on  ignition 

• 

13-26 
100-83 

12-95 

15-26 

14-68 

6-66 

Totals. 

» 

» 

100-15 

100-34 

100-04 

100-44 

The  sandstone  (No.  5)  is  a  good  fire-resisting  material.  When  sob- 
mitted  to  a  fire-resistance  test  in  a  Deville  furnace  it  was  found  to 
have  a  melting-point  lying  between  No&  33  and  34  of  the  Seger 
scale. 

Both  the  slates  (Nos.  3  and  4)  are  extremely  hard,  and  of  fine  grain. 
They  withstand  elevated  temperatures  extremely  well,  being  almost  as 
good  fire-resisting  materials  as  the  hest  Zettlitz  china  clay — they  ut^ 
in  fact,  almost  infusible. 

French  Fireclays. — The  following  are  analyses  (A)  of  the  Bretrail 
kaolin,  and  (B)  of  a  brick  made  from  the  fireclay  occurring  at  Foiges 
les  Eaux,  exhibited  at  the  Paris  Exhibition  : — 

H-O. 

A.     9-30 

B.      0-60 

•  •  •  •  •  • 

The  firebrick  is  stated  to  be  of  exceptionally -good  quality. 

•       •      •       « 

*  Cen&cUbhUt  fUr  Olasindustrie  und  Keramik  (Vienna),  voL  iv.  p.  21SL 


SiO,. 

A1,0,. 

PejOj. 

CaO. 

HgO. 

K,0. 

0^     100« 

41-38 

47-80 

trace 

0-84 

•  •  • 

0-20 

76-99 

•  19-07 

0-84 

1-50 

0-40 

• 

-^       lOIHW 
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CoaL\ 


Ash 

.       3-01 

1-92 

1-27 

;s-2o 

2-41 

1-90 

Fixed  carbon   . 

.     65-07 

63  03 

6512 

55-76 

6075 

58-61 

Volatile  matter 

.    30-74 

33-83 

32-24 

41-04 

84-12 

8778 

Sulphur    . 

.       1-20 

1-20 

0-56 

1-01 

0-48 

1-95 

Water      . 

.    [0-93 

•117 

•  •  • 

•■• 

2-2i 

•••  • 

[  Coal. 

Coke. 

Ash 

.      7-36 

6-00 

4-78 

10-49 

6-20 

10-54 

Fixed  carbon . 

.    50-69 

68-34 

92-30 

85-77 

92-32 

87-30 

Volatile  matter        . 

•    41*12 

22-15 

1-60 

3-04 

OiO 

0-80 

Sulphur    .        .        , 

.      0-42 

1-85 

1-12 

0-5i 

0-82 

119 

Water      . 

.      0-83 

1-66 

0-20 

0-15 

0-25 

0-15 

Moisturo 
Volatile  matter 
Fixed  carbon 
Sulphur 
Ash     . 


The  mines  which  are  at  present  in  operation  hare  a  capacity  rf 
6800  tons,  other  mines  which  are  being  opened  will  increase  this  total 
by  2900  tons  daily.  The  average  of  coal  owned  by  companies  ii 
233,000  acres,  the  rest  is  still  Government  property. 

In  an  article  published  in  another  journal,*  it  is  stated  that  tlu 
Underwood  seam,  worked  by  the  Cahaba  Coal  Alining  Companr, 
Alabama,  is  G  feet  thick,  and  lies  in  a  basin  about  2^  by  5  miles  loog, 
with  a  dip  of  5  to  10  degrees.  The  following  assay  is  given  of  the 
coke : — 

Coke. 

•  •  •  •  •  •*• 

•  •  •  •  •  4  OVcS 

87-607 

0-745 

7140 

100-000 

North- Western  Colorado  Coal  Region. — A  coal  region  covcis 

an  area  of  about  150  miles  square  on  the  northern  half  of  the  Pacific 
slopes  of  Colorado.  Mr.  G.  C.  Hewett  t  describes  the  formations  abore 
the  Carboniferous  as  being  largely  developed,  while  all  below  are  bat 
meagrely  shown.  The  whole  geological  section  is  torn  and  distort^ 
in  every  period,  so  that  the  Carboniferous  strata  are  much  crashed 
and  twisted,  and  accordingly  the  coal  is  not  likely  to  be  of  much  valae. 
The  productive  Cretaceous  coal  measures  are  700  to  1200  feet  thick 
and  contain  two  or  three  beds  of  coal.  Farther  above,  in  the  Tertiaif 
strata,  are  some  oil  shales. 

Tlie  coal  measures  lie  in  two  fields — one  lies  between  the  riren 
Gunnison  and  Yampa,  the  other  is  an  extension  of  the  Green  Biver 

*  American  Manufacturer,  vol.  xlv.,  No.  6. 

t  Tniviactivm  of  the  Aihirkan  ImtiivU  of  M.ning  Evy\nc€r$^  tcL  xvii.  jp-STS-o^ 
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field  in  Wyoming.  When  unchanged  by  flexure,  the  seams  carry 
lignite,  with  5  to  20  per  cent,  of  water.  In  some  parts  the  changes 
from  anthracite  to  coking  and  non-coking  coals  are  exceedingly  rapid. 
•  The  author  then  proceeds  to  describe  the  general  trend  of  the  out- 
crop, and  to  indicate  the  position  where  good  coal  is  found  in  more  or 
less  accessible  positions.  The  floor  and  roof  pf  the  seams  are  gene- 
rally composed  of  clay  slate  that  slacks  and  crumbles  on  exposure. 
These  facts,  together  with  the  dip  of  the  seams,  render  mining  a  diffi- 
eult  operation. 

Goal  in  OuxmisoXl  Oounty. — After  dealing  with  the  iron  ores  of 
Gunnison  County,  Colorado,  Professor  R.  Chauvenet*  gives  the  fol- 
lowing assays  of  coals  and  cokes  from  that  locality : — 


• 

Coal 

1-18 
28-39 
67-06 

3-37 

•  •  • 

Coke. 

•  •  • 

0-42 

90-71 

8-87 

0-37 

• 

Coal.' 

Water 

Volatile  matter 

Fixed  carbon  .... 

Ash 

Sulphur 

1-68 

5-66 

89-76 

3-00 

•  •  • 

090 
33'4:3 
61-25 

4-42 

•  •  • 

9-29 

30-93 

55-72' 

3-48 

0-58 

Goal  in  Kentncky. — The  coal  in  the  Jellico  district  t  appears  to  be 
an  extension  of  that  in  the  Elkhorn  coalfield.  It  lies  on  a  strong  fire- 
clay floor,  and  the  roof  is  a  heavy  layer  of  sandstone,  without  apparent 
intervention  of  shale.  At  the  bottom  is  22  inches  of  coal,  then  7 
inches  of  clay-parting,  and  then  28  inches  of  coal.  Two  assays  of  the 
eoke  are  given  ;  the  first  was  coked  for  48  hours. 

MoiBture  .        .        .        .        ...        .      020  1-50 

Volatile  combuitible  matter    .        .        .1*35 

Carbon  in  the  coke 95*20  93  30 

Sulphur 1*23  0382 

A«h 3-25  5-20 

Specific  gravity        •        •        .        .        •      1*50 

Percentage  of  cells  by  volume .        .        .61*0  ... 

Weight  Ibi.  per  cubic  foot      .        .        .    55-87  ••• 

Bemice  Anthracite  Basin. — Tliis  basin  is  the  westernmost  and 
argest  of  the  deposits  in  Sullivan  and  Wyoming  Counties,  Pennsyl- 
rania      The  basin,  which  is  described  by  Mr.  C.  R.  Claghorn,t  is 

*  Beport  ofthi  State  School  o/MinUy  Ooiden^  Colomdo,  pp.  24-25.  | 

f  American  Manufa^urer,  vol.  xlv.  No.  11. 

X  TrantaeUont  of  the  American  Institute  of  Mining  Engineers,  vol.  xvii.  pp.  633-616. 


348  THE  IRON  AND  STEEL  INDUSTRIES. 


iil—cok:i!. 

A  New  Coke  Oven. — Messrs.  Bernard  and  Seibel  exhibited  it 
the  Paris  Exhibition  drawings  of  a  modified  form  of  the  Seibel  hoii- 
zontal  oven.  The  oven  is  intended  more  particularly  for  the  treatmect 
of  badlj  coking  coals.  In  this  oven  the  coal  begins  to  coke  at  tlie 
Upper  part  of  the  coking  chamber,  the  coking  gradually  proceediDg 
from  the  top  downwards.  The  temperature  should  be  as  high  as  pos- 
sible. The  oven  resembles  the  Belgian  type.  The  gases  escape  thnmgii 
openings  in  the  roof,  pass  upwards  to  a  combustion  chamber,  and  then 
descend  through  a  series  of  openings  to  two  channels  below  the  ovoi, 
pass  thence  below  the  bed  of  the  adjoining  oven,  and  finally  escape 
to  the  stack  through  a  channel  common  to  the  whole  of  the  batteiy. 
Ovens  of  this  type  were  erected  at  the  Karwin  collieries  in  Austiii 
in  1887.  Some  of  the  ovens  erected  are  29  feet  6  inches  in  length, 
5  feet  3  inches  high,  and  2  feet  wide.  Others  have  been  built  still 
higher,  about  6  feet  6  J  inches. 

Coke  Ovens  at  the  Isbergnes  Steelworks,  Franca— At  theie 

works  there  are  100  coke  ovens  of  the  Evence  Copp6e  or  Siebel-Bemard 
type.t  These  ovens  are  29  feet  6  inches  in  length,  6  feet  7  inches  in 
height,  and  2  feet  in  width.  The  coal  coked  is  bituminous  coal  ham 
the  Pas-de-Calais.  The  charge  is  about  7  tons,  and  the  yield  from 
5 -2  to  5*3  tons  of  coke,  containing  12  per  cent,  of  ash,  the  volatfle 
products  of  the  coal  being  about  23  per  cent 

The  Bauer-Ruederer  Coke  Oven.— Messrs.  Bauer  and  Ruedew 
of  Munich  publish  t  a  sketch  plan  and  section  of  a  24-chambered  coke 
oven  battery.  This  battery  is  circular,  the  chambers  being  arranged 
radially  around  a  central  stack.  The  chambers  are  vertical  ones,  tbe 
charging  being  effected  at  the  top  in  the  usual  manner.  Each  chamber 
holds  2  tons  of  coal,  and  the  duration  of  the  coking  is  from  eighteen  to 
twenty-four  hours.  The  formation  of  the  chambers  admits  of  a  rapid 
withdrawal  of  the  coke,  the  time  required  varying  from  six  to  ten 
minutes.  The  coke  falls  on  to  a  rotating  band,  on  which  it  is  cooled, 
separated  from  smalls,  and  automatically  discharged  into  waggonsL 
The  combustion  spaces  are  easily  repaired.  The  various  coking  cham- 
bers are  independent  of  one  another,  and  are  filled  and  discharged  at 

•  L'Echo  dfs  Mincff  vol.  xiv.  No.  41,  p.  4. 
t  Stahl  und  Kiicn,  vol.  ix.  p.  788. 
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adopted,  the  exhaust  was  situated  behind  the  coolers  and  the  wasben^ 
now,  on  the  other  hand,  it  is  placed  between  them.    Practice  has  ihovo 
that  only  from  11  to  14  per  cent,  of  the  total  nitrogen  present  in  tht 
coal  is  collected  in  the  form  of  ammonia.     Yarious  methods  hsft 
therefore  been  proposed  for  the  purpose  of  increasing  this  peroentagiL 
Past  experience  has  shown  that  with  increasing  temperature  the  per- 
centage of  ammonia  also  increases.    The  belief  that  ammonia  disso- 
ciates at  a  temperature  of  780*  C,  is  therefore  not  confirmed  \>j  the 
results  of  practical  work.     Other  experiments  hare  shown  that  ths 
percentage  of  ammonia  increases  perceptibly  if  hydrogen  is  passed 
through  the  coal  undergoing  dry  distilktion.     Lime,  too,  has  beea 
found  to  increase  the  yield  of  ammonia,  but  it  deteriorates  greatly  the 
quality  of  the  coke  produced,  the  strength  being  considerably  dimi- 
nished.   This  is  probably  due  to  the  action  of  the  water  on  the  lime 
when  the  red-hot  coke  is  cooled  after  drawing. 

Efforts  have  also  been  made  to  increase  the  yield  of  tar  by  endes- 
Touring  to  prevent  the  dissociation  of  tarry  matter  in  the  oren  by  the 
use  of  cooling  arrangements.  Good  coke,  however,  can  only  be  pro- 
duced at  a  high  temperature,  so  that  the  use  of  such  cooling  anrnnge- 
ments  on  the  roof  or  sides  of  the  oven  tends  to  deteriorate  the  quality 
of  the  coke  produced. 

The  ammonia  collected  in  the  condensers  is  converted  into  sulphate^ 
the  ammonia  being  first  distilled  off  from  the  condenser  water,  lime 
being  added  to  decompose  any  ammonium  compounds  present  A 
number  of  kinds  of  apparatus  have  been  introduced  for  use  in  this 
process.  The  ammonia  driven  off  is  passed  into  sulphuric  acid,  which 
is  diluted  down  to  about  38"*  or  40''  B.  The  sulphate  is  removed  from 
time  to  time  and  fresh  acid  added.* 

Some  experiments  f  have  been  made  with  coke  ovens  arranged  for 
the  collection  of  the  by-products  at  the  Calumet  Steelworks,  United 
States.  The  ovens  were  erected  by  the  National  Coke  and  Fad 
Company  of  Chicago,  and  the  experiments  showed  that  for  every  ton 
of  coal  coked  there  were  obtained  15,000  cubic  feet  of  fuel-gas,  from 
3  to  5  gallons  of  coal  oil,  and  ammonia  in  quantity  equivalent  to 
about  3  lbs  of  the  sulphate.  In  the  beehive  ovens,  in  which  these 
experiments  were  made,  the  downward  process  was  adopted,  as  in 
Jameson's  ovens,  the  volatile  matters  being  withdrawn  throagh  a 
hollow  floor. 

•  Stahl  imd  L'isen,  vol.  ix.  pp.  482-485. 
t  Iron  Age,  vol.  xliii,  p.  692. 
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a.     d.  ■.     d. 

Cost  of  coal   .....    2    975  3    0*6 

Cokiiig  , 1    6-25  1     4-05 

Royalty 0    6'05  0    6-05 

Cost  per  ton     .        .        .4  10-05  4  lO"? 

In  the  latter  case  labour  costs  13*75  pence ;  supplies,  0-4  penny  ;jnd 
repairs,  1  -9  penny  per  ton. 


lY,— LIQUID  FUEL. 

Oil  in  New  Zealand. — The  New  Zealand  Government  has  r^ 

cently  issued  a  report  dealing  with  the  Taranaki  districtw  The  oil 
comes  to  the  surface  in  many  places  near  New  Plymouth.  Mr. 
Gordon  *  reports  that  oil  exists  over  a  large  area,  and  that  it  is  only 
a  question  of  boring  to  the  requisite  depth.  The  oil-bearing  districts 
could  easily  supply  the  fuel  for  the  iron  sand  beaches  of  New  Zealand. 

Bnrmese  Oil  Fields. — Br.  F.  Noetling  t  has  reported  on  the  oil 

fields  of  Burma.  The  Ycuangyaung  district  is  conveniently  divided 
into  the  Twingoung  and  the  Beme  districts,  situated  in  lat.  29*  21' N., 
long.  94°  56'  K  The  country  forms  an  elevated  plateau  intersected  hj 
ravines.  The  strata  belong  to  the  Upper  Tertiary  formation,  and  consist 
of  a  soft  sandstone  impregnated  with  oil.  At  present  the  deepest  bore- 
hole is  only  400  feet,  proving  the  oil-bearing  strata  to  have  a  thickness 
of  200  feet,  but  the  amount  of  oil  increases  largely  with  the  depth. 
No  high  gas-pressure  has  as  yet  been  found.  The  strata  form  an  anti- 
clinal, with  a  strike  N.  40*  K,  and  a  maximum  dip  of  30*  to  the  SLW. 
and  N.K,  so  that  most  of  the  wells  driven  by  the  natives  have  been 
sunk  on  the  top  of  the  anticline. 

In  the  Twingoung  field  there  are  209  productive  wells,  producing 
12,000  viss  X  daily,  but  the  wells  are  very  shallow,  the  deepest  being 
only  310  feet.  The  Burmese  method  of  getting  the  oil  is  to  sink  a 
shaft  about  4^  feet  square,  a  matter  of  great  difficulty,  as  the  miners 
cannot  breathe  the  explosive  air,  and  only  use  most  inefficient  took 
A  well,  however,  yields  some  23  per  cent,  interest.  There  are  72  pro- 
ductive wells  in  the  Beme  district,  with  a  daily  production  of  14,000- 
to  20,000  viss,  and  the  deepest  well  is  only  270  feet  in  depth. 

•  Engineering y  vol.  xlviii.  p.  316. 

f  Records  of  the  Geological  Sun'tp  of  India,  vol.  xxii.  pp.  75-136. 

X  1  viss  =  3  "65  lbs. 
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week  was  46*7  gallons.  It  was  found  that  the  loss  is  somewhat  gmter 
than  with  coal  gas,  and  some  trouble  was  experienced  from  the  doQiiiig 
of  the  checquer-work  by  fine  iron  ozida  In  a  5-ton  open-hetitk 
furnace  50  to  55  gallons  were  used  per  ton. 

Mr.  R  C.  Potter  *  gives  the  results  of  using  oil  at  the  South  Ghieigi 
Works  in  place  of  coal  for  raising  steauL  For  operating  foutea 
tubular  boilers,  16  feet  long  by  5  feet  diameter,  twenty-fire  men  mn 
required  wheu  coal  was  used  and  only  six  men  when  oil  was  sab- 
fitituted.  With  an  ingot  output  of  6403  tons,  2731  barrels  of  oil  wen 
used  as  against  S'iS  tons  of  coal.  The  saving  in  wages  was  £7, 18i 
4d.  per  day.  Taking  the  oil  at  23.  6d.  per  barrel  and  coal  at  8s.  ll}d. 
per  ton,  the  cost  of  oil  and  coal  were  respectively  8s.  0|d.  and  8a  ll}d 
per  ton,  giving  a  net  saving  of  lid.  per  ton. 

For  a  similar  battery  of  twenty-six  boilers  the  rail  output  was  5S08 
tons,  with  a  consumption  of  5987  barrels  of  oil  instead  of  1805  torn  of 
coal.  In  this  case  the  costs  were  83.  3d.  and  8a  ll|d.  respectiTelj. 
The  eflSciency  of  the  boilers  was  somewhat  increased  and  the  necenaiy 
repairs  diminished. 

Mr.  G.  H.  Billings  f  gives  the  results  with  the  earlier  form  of  the 
Archer  apparatus  applied  to  a  puddling  furnace.  To  heat  the  fmnaes 
3518  lbs.  were  required,  and  8437  lbs.  more  were  bumt^to  give  13,340 
lbs.  of  puddled  blooms.  At  2*44  pence  per  gallon  the  oil  cost  £2,  6l 
5^d.  per  ton  of  blooms,  and  the  cost  with  coal  at  £1,  Os.  4d.  per  too, 
using  1*5  ton  of  fuel  per  ton,  was  £1,  10s.  5}d.  A  run  of  six  dsjs 
used  €602  gallons  for  a  production  of  65,595  lbs.  of  blooms,  and  showed 
a  saving  in  favour  of  coal  of  18s.  9d.  per  ton. 

For  generating  steam,  4150  lbs.  of  oil  evaporated  27,600  lbs.  of 
water  per  day.  Assuming  that  one  pound  of  coal  evaporates  nine 
pounds  of  water,  with  prices  as  above,  the  costs  were  £15,  19a  Ud. 
for  oil,  and  £3,  6s.  6d.  for  coal,  daily. 

A  test  I  has  recently  been  made  of  oil  fuel  in  a  puddling  fniDica 
The  oil  is  supplied  through  a  perforated  pipe  on  to  a  heap  of  fire^ay 
balls  su2>ported  on  the  grate.  The  pipe  may  be  cleared  if  necessary 
by  a  revolving  screw  inside.  Air  is  supplied  by  the  natural  draught 
of  the  furnace.  In  the  experiment  three-quarters  of  a  barrel  of  oil  was 
burnt  in  IJ  hour  for  a  heat  of  500  lbs.,  but  probably  less  oil  would  be 
required  if  the  apparatus  were  less  crude. 

•  Transactions  of  the  American  Institute  of  Mining  Engineers f  vol.  xvii  pp.  807-W. 

t  Ibid.,  vol.  xvii.  pp.  808-809. 

t  American  Manufacturer^  vol.  xlv.  No.  7. 
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Bitumen.  Earthy  Mattvr.  Vegetable  Matter.  Water. 

39-83  331K)  9-31  16-87 

Mr.  II.  Wurtz  *  ascribes  the  origin  of  asphalts  mainly  to  the  pdj- 
merisation  of  certain  constituents  in  rock  oils  under  the  inflaence  of 
air,  light,  heat,  or  by  tho  presence  of  saline  and  other  matters.  The 
theory  of  oxidation  and  inspissation  is  rejected.  The  author  gives  u 
account  of  several  polymers,  and  the  way  in  which  they  can  be  pro- 
duced in  support  of  his  view. 


\.— NATURAL  GAS. 

Goal  and  Natural  Qas. — The  future  of  coal  and  natural  gas  is 
discussed  by  Dr.  J.  S.  Newberry,  t  All  oil  and  gas  wells  are  aitaated 
in  sedimentary  rocks,  and  are  in  close  relations  with  carbonaceous 
deposits.  The  oil  and  gas  wells  of  Burkesville,  Kentucky,  Lims, 
Ohio,  Enneskillen,  CoUingwood,  and  Canada  are  supplied  from  the 
bituminous  shales  and  limestones  of  the  Lower  Silurian  age.  The 
wells  of  West  Virginia,  Xew  York,  and  Pennsylvania  are  supplied  £rom 
the  bituminous  shales  belonging  to  the  Devonian  system.  The  oil 
wells  of  Mecca  and  Grafton,  Ohio,  derive  their  supply  from  the  Bares 
grit  overlying  bituminous  shale  of  the  Lower  Carboniferous  age.  Oil 
wells  of  Colorado  are  sunk  in  bituminous  shales  of  the  Cretaceoas 
system.  No  oil  is  found  in  areas  underlain  by  crystalline  rocks,  or  in 
volcanic  areas,  which  tends  to^disprove  Mendeldeff's  theory  of  its  origin. 

The  history  of  the  petroleum  industry  shows  that  every  oil  well  has 
but  a  limited  term  of  service.  Tho  current  production  is  so  slow  thai 
it  is  a  negligablc  quantit}-.  What  is  true  of  oil  districts  will  probsblr 
be  true  of  gas-producing'districts  also.  From  this  the  author  infers 
that  oil  and  gas  are  not  likely  to  supersede  coal.  -J 

Natural  Gas  of  Fayette  Gounty.— Two  large  gas  wells  bare 

recently  been  opened  up^  in  Fayette  County  J  and  show  no  signs  of 
failing.  Preparations  are  being  made  to  pipe  the  gas  to  Fittsbuigh, 
and  boring  in  several  parts  is  being  rapidly  pushed  forward. 

Natural  Gas  at  Muncie,  Indiana. — There  are  thirty-three  natural 
gas  wells  in  operation  near  Muncie,  Indiana§    The  average  yield  of 

♦  The  Engineering  and  Mining  Journal,  vol.  xlviii.  pp.  73,  74. 
t  American  Manufacturer,  vol.  xlv.  No.  11. 

X  Connelliville  Courier ^  tlirough  American  Manufacturer^  toL  xIt.  No.  4. 
Iron  Age,  vol.  xliii.  p.  480. 
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Water  Gas  in  the  United  States.— The  methods  of  prodactkn 

and  the  plant  used  for  the  production  of  water  gas  ia  the  United  States 
have  been  very  fully  dealt  with  by  Mr.  A.  G.  Humphreys.*  The  uthor 
has  mainly  devoted  himself  to  the  consideration  of  water  gas  for  iDi- 
minating  purposes.  Two  methods  are  chiefly  used  for  the  prodnc&B 
of  water  gas,  the  intermittent  process,  in  which  air  and  steam  ire 
forced  alternately  through  the  fuel,  and  the  continuous  method,  in 
which  the  decomposing  carbon  is  heated  by  external  means,  or  in  wUch 
mingled  steam  and  air  are  forced  through  the  incandescent  faeL 

The  history  of  the  subject  is  traced  from  the  writings  of  Fontana  m 
1780  to  the  present  time,  and  about  a  hundred  patents  which  haw 
been  taken  out  since  1823  are  enumerated  and  discussed.  Mention  ii 
made  of  the  conflicts  between  water  gas  and  coal  gas  in  the  United 
States.  In  1874  practically  no  water  gas  was  made  in  the  States  or  is 
Canada ;  but,  at  the  present  time,  out  of  1150  gas  works,  300  are  on 
the  water  gas  system.  The  theory  of  the  process  is  considered  in  detui, 
and  the  distribution  of  heat  throughout  the  reactions  is  calculated. 

The  present  capacity  of  the  water  gas  works  at  Jackson,  MichigaB»f 
is  about  600,000  cubic  feet  per  day,  which  is  delivered  at  15  pence  pff 
1000  cubic  feet.  Coal  slack  is  first  coked  in  gas  retorts  heated  hj 
crude  petroleum,  during  which  6500  feet  of  coal  gas  is  obtained  per 
ton.  The  coke  is  then  transferred  by  shoots  to  two  adjacent  genenton, 
where  its  temperature  is  raised  to  2500*  F.  by  air  blast  in  two  minotei 
It  gives  115,000  feet  of  producer  gas,  which  is  used  for  raising  stetm 
at  100  lbs.  pressure.  About  30,000  feet  of  water  gas  is  produced  for 
each  ton  of  slack,  and  is  mixed  with  the  coal  gas  before  purification. 

The  cost  of  coal  slack  is  8s.  llj^d.  per  ton,  and  the  oil  costs  2&  0^ 
per  barrel  of  forty-two  gallons.  Twenty-three  gallons  of  oil  are  uaed 
for  heating,  so  that  material  costs  3*375d.  per  1000  cubic  feet.  Labour 
costs  r75d.  in  winter,  and  2'65d.  in  summer  per  1000  feet.  Including 
interest,  &c.,  the  total  cost  falls  below  12^d.  per  1000  feet.  Steel  pipes 
are  used  for  distribution.  Sixty  feet  of  gas  supplies  one  horse-poirer 
to  a  gas-engine  per  hour,  and  it  is  stated  that  20,000  cubic  feet  is 
the  equivalent  of  a  ton  of  anthracite. 

Loomis  Water  Gas. — According  to  Mr.  R  N.  Oakman,  jun.,|  at 
the  John  Kussell  Cutlery  Works,  Turner's  Falls,  the  daily  output  of 

*  Paper  read  before  the  Mechanical  Science  Section  of  the  British  AnoeifttioB  (Ncv- 
castle  Meeting). 
t  Chicago  Tribune,  through  American  Manufacturer,  toL  xIt.  No.  1. 
t  Journal  of  Oai  Lighting  ;  American  Manufacturer,  toI.  zlv.  No.  4L 
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into  chequer-work  chambers.    The  arrangemeiit  of  these  ehambas  ii 
similar  to  that  generally  adopted.* 

The  Taylor  Oas-Producer. — The  gas-producer  designed  hj  Mr. 
W.  J.  Taylor  has  a  revolving  flat  circular  bottom,  which,  in  its  rendu- 
tion,  discharges  the  ash  and  clinker  over  its  edge  into  a  sealed  ash-pit 
A  mixture  of  air  and  steam  is  used,  the  conduit  for  air  and  steam  acting 
as  a  central  support  on  which  the  bottom  revolves.  A  Kortiiig  jet 
steam-blower  is  employed.  It  is  stated  that  one  ton  of  buckwheat  anthn- 
cite  will  yield,  in  this  producer,  166,000  cubic  feet  of  gas^  affordisg 
about  135,000  heat  units  per  1000  cubic  feet.  The  compositioiL  of  tht 
gas  produced  is  as  follows : — 

Percent. 

Carbonic  oxide 28*0  to  27*5 

Hydrogen 16*0  „  ICS 

Marsh  gai lO  ,,  21) 

Carbonic  anhydride 1*0  „  3*0 

Nitrogen 60*0  „  581) 

The  producers  are  constructed  in  sizes  from  4  to  6  feet  in  internal 
diameter,  and  will  convert  into  gas  from  2^  to  5  tons  of  coal  in  34 
hours,  t 


Yll.—COAL  MINING. 

Coal  Mining  in  Nova  Scotia. — A  very  full  account  is  given  bf 
Mr.  £.  Gilpin  %  of  the  coal-mining  industry  in  Nova  Scotia  The  fim 
notice  of  coal  was  not  published  until  1672,  though  the  outcrop  on 
Cape  Breton  is  visible  at  sea  for  miles.  In  1711  considerable  amoants 
were  taken  away,  and  in  1720  the  first  regular  mining  operations  were 
begun.  An  interesting  account  is  given  of  the  history  up  to  the  pre- 
sent time.  Nova  Scotia  coal  sales  from  1785  to  1887  are  shown  bjr 
decades  in  the  following  table : — 


Tear. 

Tons. 

Tear. 

1 
Toojk 

1785  to  1790 
1791  to  1800 
1801  to  1810 
1811  to  1820 
1821  to  1880 
1831  to  1840 

14,349 
51,048 
70,462 
91,527 
140,820 
839,981 

1841  to  1850 
1851  to  1860 
1861  to  1870 
1871  to  1880 
1881  to  1887 
Total  for  1887  only 

1,533,798 
2,399,829 
4,927,339 
7,877,428 
8,992,226 
1,519,684 

*  Iron  Age,  vol.  xliv.  p.  124. 

f  Ihid.^  vol.  xliii.  p.  805,  1  illustration. 


%  .Trantaciiont  of  the  Canadian  Society  of  Civil  Enffineeri,  vol.  iL  pp.  85(M00l 
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it  is  limited  bj  the  speed  at  which  the  tubs  can  run  down.    The  tali 
hold  from  |  to  1^  ton  of  coal. 

After  referring  to  the  means  for  transportation,  the  author  refen  to 
the  prices  of  labour.  In  the  Pictou  and  Cumberland  districti  tb 
bords  are  driven  level,  but  in  the  flatter  Cape  Breton  seams  advantige 
is  taken  of  the  cleat  The  coal  is  holed  under  for  3  or  4  feet» 
and  a  shot  in  the  upper  fast  comer  brings  down  the  coaL  In  the 
thicker  seams  a  layer  of  3  to  4  feet  is  taken  off  near  the  roof,  and  then 
the  rest  of  the  coal  is  lifted  in  two  benches.  Tabulated  statements  are 
given  of  the  number  of  men  employed,  with  their  avemge  prodnetioi^ 
and  of  the  total  output  and  costs  in  each  colliery. 

Fuller  details  are  given  of  the  Springhill  Collieries  in  the  Gomlitf- 
land  district  by  Mr.  K.  W.  Leonard.*  This  mine  is  worked  by  Ae 
bord  and  pillar  system  with  the  balances  mentioned  abova  A  hesTj 
fault  occurs  in  the  seam,  and  is  shown  on  plans  aocompanying  tiM 
])aper.  A  6-inch  bore  hole,  600  feet  deep,  has  been  put  down  for  con- 
veying power  into  the  mine.  For  this  purpose  compressed  air  will 
probably  be  used. 

Anthracite  Mining. — The  adoption  of  the  longwall  system  in 
American  anthracite  mines  is  strongly  urged  by  Mr.  W.  S.  Gredey.t 
By  the  present  pillar  and  stall  system  some  40  to  50  per  cent  of  the 
entire  seam  is  lost.  When  the  coal  lies  at  a  moderate  angle,  and  is 
fairly  free  from  faults,  basins,  and  such  like,  especially  when  the  seams 
are  thick,  or  lie  close  together,  then  the  longwall  withdrawing  system 
is  certainly  applicable.  The  author  describes  the  longwall  system 
in  detail,  giving  plans  and  sections.  The  great  advantages  of  the 
system,  and  its  adaptability  to  many  seams  now  being  worked,  are 
pointed  out,  and  estimates  are  given  of  the  cost. 

Longwall  Working  at  the  Eonig  Colliery.— J.  Sprenger} 

gives  a  lengthy  descripiion  of  the  method  of  longwall  working  that 
has  been  adopted  at  the  Konig  Colliery,  at  Neunkirchen  (Saarbnicken). 
I'he  advantages  presented  by  this  system,  used  in  conjunction  with 
self-acting  planes,  are  considerable.  The  transport  of  refuse  at  the 
surface  is  dispensed  with,  and  the  coal  may  consequently  be  raised 
more  rapidly.     The  purchase  of  land  for  the  extension  of  the  spoil 

*  Tran8iittion$  of  the  Canadian  Society  of  Civil  Engineen,  voL  u.  pp.  401-413L 

t  The  Engineering  and  Mining  Journal,  vol.  xlviiL  pp.  136-14(K 

::  Berg-  und  HiUtaimdnnische  Zeitung,  vol  xlviii.  pp.  295-298,  305-908. 
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and  r  =  radius  of  spiral     Substitutbg  this  yalae  in  equation  (1)  it 
becomes 

(r  +  dr)  (y  -  w;  ^ePTTw)  =  {r  -  dr)  (^  +  ip  V**T7w) 


which  reduces  to 


Squaring  it  becomes 


Mdr 


or 


—  ^rw  ^di^  +  f^v*. 


Ml 
:.  rHv^drS/  fhi^"^ (8) 


rfrV  !•  •"** 


whence 


dv  = 


drs/f^"^     drV^"^ 


and 


rdv  =  t;=  Cdr\  ^ 


Integrating  this  the  author  obtains — 


y 


V  = t)Z.2—  -  i  sm.       -w^-  +  constant 


If  V  =  I     tZi; 


then  r  =_I-Ji_ -Jl — ^__ — 


Jsin.      -j^-sm.      ^g- (3) 


For  ordinary  values  of  a  and  a',  the  last  two  terms  may  be  neglected, 
on  account  of  their  smallnes&  By  substituting  different  values  for  a 
and  a*  in  (3),  and  making  v  =  2irn,  and  solving  with  respect  to  the 
number  of  revolutions  n,  a  curve  may  be  plotted  which  will  show  the 
value  of  the  radius  for  various  numbers  of  revolutions,  and  wiU  repre- 
sent an  outline  section  of  the  drum  fulfilling  the  conditions  of  the  pro- 
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Lighting  in  mines  consists  of  two  kinds — ^lighting  bj  fixed  ind  lij 
portable  lamps.  The  use  of  portable  lamps  nndergroimd  is  gready  to 
be  preferred,  as  there  is  more  danger  of  breaking  the  switches  or  Ike 
insulation  of  the  cables  in  permanent  installations.  Mention  is  nude 
of  the  various  forms  of  lamps  and  also  of  fire-damp  indicators.  Whei 
there  is  already  a  good  electric  plant,  there  are  certain  adyanttgei  ii 
the  use  of  lamps  with  secondary  batteries,  but  in  all  other  cases  a  good 
primary  lamp  is  preferable.  It  cannot  be  said,  howeyery  that  a  xstDf 
good  and  practical  primary  lamp  has  yet  been  devised. 

Signalling  in  mines  by  the  aid  of  electricity  is  made  use  of  witk 
great  advantage,  and  only  a  simple  code  is  required.  Work  in  tk 
shaft  is  easily  controlled  by  a  system  of  electric  signals. 

Machine  boring  and  mechanical  cutting  are  also  performed  hj 
electric  motors.  The  operation  of  boring  by  percussion  with  ele^ 
tricity  offers  great  difficulties,  but  some  interesting  experiments  hm 
already  been  carried  out  in  the  United  States.  The  application  to 
rotary  boring  is  easier.  Electrical  cutting  machines,  too,  have  alzetdj 
been  successfully  tested,  notably  the  Bowes,  Blackbam  and  Mori,  ind 
the  Lechner  machines. 

Electrical  Transmission  of  Power  for  Mininfif. — When  weight 

is  an  object,  according  to  Mr.  A.  T.  Snell,*  one  horse-power  per  70  Da 
of  motor  can  be  developed,  but  it  is  preferable  to  employ  100  to  ISOlbi 
After  referring  to  the  Normanton  plant,  the  author  describes  the  haul- 
ing and  pumping  plant  at  Llanerch  Colliery,  near  PontypooJ,  Mon- 
mouthshire. For  operating  a  single  rope  hauling  engine  by  electridtj 
the  dynamo  on  the  surface  is  driven  by  a  horizontal  engine  with  18-i2icli 
cylinder  and  3J-foot  stroke,  running  at  50  revolutions,  with  a  steam 
pressure  of  50  to  60  lbs.  The  current  is  conveyed  by  a  copper 
cable  of  19  strands  No.  18  BWG,  insulated  and  covered  with  huL 
The  motor  is  situated  750  yards  from  the  pit,  which  is  250  yards  deea 
The  haulage  is  effected  by  an  old  type  machine  previously  driven  b/ 
a  single  engine  but  now  converted.  Two  drifts  are  worked  with 
inclines  of  1  in  8  and  1  in  12  respectively,  and  each  is  about  300  yardi 
long.  A  loaded  tram  weighs  29  cwt.  Signals  are  given  by  a  **  rapper." 
Testing  instruments  show  the  driver  if  the  tram  is  o£f  the  line,  and  give 
him  warning  of  other  accidents.  The  rolling  friction  on  the  road 
averages  70  lbs.  per  ton,  and  about  5  horse-power  is  absorbed  by  the 


*  Lecture  at  the  Mining  School,  Wigan,  Iron  and  Coal  Tradea  JBevMV,  vol  xxxii. 
pp.  455-456. 
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ticulars  of  the  electric  light  installation  at  the  Corsall  Colliery,  KewariL 
Excluding  labour,  the  cost  is  reckoned  at  £61  for  222,000  lamp  ham, 
the  lamp  giving  a  light  of  16  candle-power.  The  cost  is  made  up  ii 
follows : — Coal,  £8,  5s. ;  renewals  of  lamps,  £27,  15s. ;  interest  tni 
depreciation,  £20 ;  oil,  waste,  &c.,  £5.  Under  similar  conditioDJB^  gn 
is  estimated  to  cost  £150.  A  list  is  given  of  forty-six  collieries  nov 
using  the  electric  lights 

Mr.  A.  F.  Guy  *  gives  the  approximate  cost  of  lighting  a  coIlieiylOO 
feet  deep.  The  plant  consists  of  75  glow-lamps  of  16  candle-power, 
burning  9000  hours,. and  two  arc  lamps  of  1000  candle-power  each  os 
the  surface,  burning  for  500  hours.  The  cost  of  the  plant  is  given  u 
£269,  and  the  annual  working  cost  is  £93,  taking  coal  at  Ss.  per  too, 
interest  5  per  cent,  depreciation  10  per  cent,  and  labour,  &c.,  £2(X 

An  electric  miner's  lamp  with  a  primary  battery  has  been  described 
by  Mr.  E.  T.  Boston,  f  The  cell  is  of  guttapercha,  and  the  elements 
are  zinc  and  carbon.  The  lamp  is  placed  on  the  top,  under  a  OnA 
glass  dome,  so  as  to  cast  no  shadow  on  the  roof.  The  weight  is  2^  llx., 
cost  one  penny  per  shifb  when  giving  2|  candle-power  for  ten  honn^ 
and  the  total  first  cost  need  not  be  more  than  £1. 

Safety  Lamp  Experiments. — A  repoit  of  the  committee  appointed 
to  carry  out  a  series  of  experiments  on  lamps  at  the  Cymmer  Collierj, 
Ehondda  Valley,  has  been  published.]:  The  safety  of  the  shielded 
Clanny  lamp  was  tested  in  various  currents  of  explosive  mixtnre.  Gu 
from  a  blower  was  used,  and  maintained  at  an  even  pressure  in  a  holder 
whence  it  was  delivered  with  air  at  a  distance  of  9  feet  from  the  lamps. 
At  this  distance  the  admixture  of  air  and  gas  was  perfect  The  mixtore 
used  contained  9*5  per  cent,  of  gas  in  all  cases.  Several  varieties  of 
lamps  were  tested,  none  of  which  did  the  committee  feel  themselves 
justified  in  recommending.  The  two-thirds  shielded  Clanny  is  pro- 
nounced to  be  unsafe  in  the  high  velocity  of  the  air  currents  in  the 
Khondda  district 

Safety  Lamps. — At  tlie  Mining  and  Metallurgical  Congress  recentlj' 
held  at  Paris,  M.  H.  Le  Chatelier  reviewed  the  present  status  of  some 
of  the  more  important  lamps,  and  his  report  was  followed  by  a 
vigorous  discussion.      M.   Fumat  showed  an  improved  form  of  his 

•  The  CoViery  Ovardiav,  vol.  v.  p.  143. 
r   t  Prvcccdingi  of  the  South  Waka  Intiitvte  of  Enfjinecrs,  vol.  xvi.  pp.  2G6-267,  »>'^ 
plate. 

X  Iron  and  Coal  Trades  Rn-ini\  vul.  xxxviii.  p.  622. 
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experiments  with  roburite  at  the  Park  Lane  coUierids  and  elaewher^ 
Tiiey  conclude  that  there  are  undoubted  cases  of  nitro-benxene  poisoii- 
ing  arising  from  improper  manipulation  of  the  cartridgefl;,  that  robozits 
undergoes  complete  combustion  if  properly  confined,  bat  that  there  n 
a  chance  of  incomplete  combustion  if  the  explosiye  does  not  meet 
sufficient  resistance,  that  carbonic  oxide  is  produced  by  the  action  of 
the  heated  gases  on  the  coal,  and  that  this  carbonic  oxide  may  be  the 
cause  of  headache  complained  ot  The  committee  recommends  that 
the  entire  manipulation  of  the  cartridges  should  be  entrusted  to  ahot- 
firers  properly  instructed  in  their  use;  that  the  effective  tamping 
of  the  cartridges  should  be  insisted  on ;  that  the  fumes  should  be 
removed  as  quickly  as  possible  by  advancing  the  brattice  doth,  and 
tbat  they  should  be  speedily  mixed  with  large  volumes  of  air. 

A  further  committee  was  appointed  by  the  Lancashire  Minen' 
Federation  to  deal  with  the  above  report.*  It  was  concluded  that  the 
report  showed  the  extreme  danger  of  using  roburite,  and  that^  there- 
fore, its  use  should  be  discontinued. 

Experiments  recently  made  with  carbo-dynamite  show  that  it  is 
superior  to  ordinary  dynamite  in  the  work  performed,  besides  which 
no  noxious  fumes  were  observed.  It  was  concluded  that  No.  1  carbo* 
dynamite  was  equal  to  blasting^  gelatine,  and  No.  2  quality  to  No. 
1  ordinary  dynamite.  The  explosive  can  be  fired  successfully  after 
soaking  in  water,  t 

The  subject  of  explosives  generally  is  fully  treated  by  Mr.  P.  F. 
Nursey  J  and  by  Mr.  C.  N.  Hake.§ 

Experiments  have  been  made  with  tonite  at  Melling,  near  Ormskirk, 
to  show  that  Trench's  fire-preventing  compound  prevented  flame  ind 
explosion.il 

In  some  experiments  made  with  carbonite  at  the  Nunnery  CoUieij, 
one  charge  of  six  ounces  brought  down  twelve  tons  of  coal,  the  co»t 
of  the  explosive  being  4^d.,  as  compared  with  3d.  for  powder,  but,  on 
the  other  hand,  no  flame  was  observed,  and  the  charge  of  carbonite  wu 
rather  too  heavy.H 

Favierit^  consists  mainly  of  ammonium-nitrate  and  mononitro-naph" 
thalene,  but  sometimes  dinitro-benzene  or  other  nitro-hydrocarbon  is 

*  Iron^  voL  xxxiv.  p.  75. 

t  Ibid.,  pp.  25-26. 

t  Paper  read  before  the  Society  of  Engineers. 

§  The  Jownal  of  the  Society  of  Chemical  Industry,  vol.  viii.  pp.  518-525. 

II  The  Iroft  and  Coal  Trades  Review,  vol.  xxxix.  p.  2^. 

IT  Ibid,,  p.  427. 
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The  following  table  shows  the  relative  degree  of  safety  for  txXSaj 
purposes  of  the  more  important  explosives  in  ordinary  use :  * — 


Fires  rejfiilarly. 


0*66  lb.  explosive  ;  Onlioaiy  powder 

clay  tamping ;  coal-  Garbo-dynAmite 

dust  present  but  lio  Blasting  gelatine 
gas. 


0*66  lb.   explosive  :  '  Ordinary  ^lowder 
clay  tamping ;  both    Carbo>dynamite 
coal-dust  and  gas  i  IMasting  gelatine 
present.  I 


Fires  occasionaOy. 


X- 


Gelatine-dynamite      Saemite 
Kieselguhr-dynamite'  FaTierite 
Robnrite  I  Carbonite 

Fin-dMnp  dyiMBitt 
Ammonia^Tnsaits 
Water  oartndses 


Grelatine-dynamite 

Kieselguhr-dynamite 

Boborite 


Secnrite 
Favierito 
Garbonite 
Fire-damp  dynamite 
Ammonia-dynamitt 
Water  cartridgM 


I 
0*22  lb.   explosive  ;  '■  Ordinary  ]K>wder         Roburite 


no  tamping ;  coal 
dust  present,  but 
no  gas. 


0'66  lb.  explosive : 
no  tamping ;  coal- 
dust  present,  but 


no  gas. 


Carbo-dynamite 
Blasting  gelatine 
Gelatine-dynamite 
Kieselguhr  dynamite 


Ordinary  powder 

Cnrbo-dynamite 

Blasting  gelatine 

Gelatine-dynamite 

Kieselguhrdynumite 

Roburite 

Securite 


0*66  lb.  explosive  ; 
no  tamping  ;  both 
coal-dust  and  giis 
present. 


Ordinary  powder 

Carbo-dynami  te 

Blasting  gelatine 

Gelatine-dynamite 

Kieselguhr-dynamite 

Robuiite 

Securite 


Fire-damp  dynamite 


Secnrite 
FkkTieiite 
Carbonite 
Fire-damp  dyntadfee 
Ammonia-dynaBiite 
Water  eertridgei 


Faviertte 
Carbonite 
Ammonia-dynsmitd 
Water  cartridges 


Fire -damp  dynamite 
Ammonia-dynamite 


Favierite 
Carbonite 
Water  cartridges 


Coal  Transfer. — The  usual  method  of  transferring  coal  from  the 
trucks  to  barges  on  the  Ohio  appears  to  be  by  baskets  lowered  Terti* 
cally.  In  some  cases,  the  truck  itself  is  lowered  bodily.  Whate?er 
arrangement  is  adopted,  all  kinds  of  trucks  must  be  accommodated, 
the  coal  must  be  handled  gently,  and  should  preferably  be  carried,  and 
not  allowed  to  grind  over  itself  and  the  sides  and  bottom  of  the  shoot 
The  barge  should  be  loaded  uniformly  to  avoid  strains  and  leakage. 

*  ZeiUchrift  fur  das  Bcry-  UutUn  und  Salincnicesfn,  vol.  xxxvii.  Table  C. 
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fixed  in  the  coaling  vessel.  As  an  illustration  of  the  fint  system,  i 
plant  recently  erected  in  Venezuela  was  described.  A  steel  bunit- 
work,  65  feet  high,  and  travelling  on  rails,  is  used  for  raising  the 
truck,  which  is  then  tipped  and  returned  in  three  minutes.  Dnwingi 
are  given  of  floating  elevators,  &c 


Y11I.—C0AL-  WASHING. 
Banking-out  and  Screening  Plant  at  East  Hetton  CkdUery. 

— According  to  Mr.  S.  Tate,*  it  was  decided  to  reconstruct  the  |«t 
heap  and  screening  plant  of  the  upcast  shaft  at  East  Hetton  ColUay, 
so  that  the  greatest  amount  of  mechanical  power  could  be  utilised. 
In  the  scheme  adopted,  after  the  full  tub  has  been  emptied,  it  rons  by 
force  of  gravitation  to  a  point  where  it  is  taken  to  the  other  side  of  the 
shaft  by  mechanical  power.     The  coals  are  tipped  into  a- jigging  screen 
where  they  are  sorted  into  three  kinds — (1)  best,  (2)  nuts,  and  (3)  peas 
and  dufif.     The  best  coals  are  carried  along  a  travelling  belt^  and  the 
stones,  &c.,  picked  out  by  boys  placed  along  each  side.     The  nut  cosh 
are  delivered  out  at  the  side  of  the  jigging  screen  on  to  a  belt  running 
parallel  with  the  best  coal  belt,  but  at  a  different  angle.     After  the 
stones,  &c.,  are  picked  out,  the  coals  are  delivered  over  a  set  of  screen 
bars  or  gauzes,  by  which  the  treble  and  double  nuts  are  separated  into 
their  respective  waggons.     The  peas  and  duff  coals  drop  out  at  the 
bottom  of  the  jigging  screen  on  to  a  smaller  belt  running  in  a  direction 
contrary  to  the  other  belts,  and  which  carries  the  coals  to  an  ordinaij 
*' Beeswing"  elevator.     In  this  manner,  the  coals  are  much  better 
cleaned,  and  at  a  very  much  less  cost  than  was  formerly  the  case. 
The  advantages  derived  from  this  system  of  banking-out  and  screening 
may  be  summarised  as  follows : — 1.  Cheapness  of  labour  cost,  con5^ 
quent   on  utilising  mechanical   power.      2.  Cheaper  class  of  laboar 
employed,     3.  Coals  are  better  cleaned,  and  with  less  breakage. 

Illustrations  and  description  of  the  elaborate  plant  for  handling  and 
washing  coal,  belonging  to  the  Commentry  Fouchamboult  Companj, 
are  given  in  Le  Genie  CiviL 

Mechanical  Slate  Picker.— A  very  simple  form  of  apparatus  for 
separating  slate  from  coal  has  recently  been  exhibited.     A  shoot  with 

*  Tramaetiom  of  the  North  of  Enjland  Institute  of  Mininq  Enginecn^  October  12, 
^889. 


FCEU  387 

A  sheet  iroa  bottom  U  placed  beneath  the  screens,  and  is  ridged  trans- 
versely at  intervals.  Just  beyond  the  ridge  is  a  transverse  cloth,  6  to 
8  inches  wide,  and  adjustable  in  width  by  a  sliding  plate.  The  coal 
and  slate  slide  down  the  shoot ;  the  slate,  as  it  is  heavier  and  rougher 
than  the  coal,  ia  somewhat  arrested  by  the  ridge,  and  so  falls  through 
the  opening  beyond,  but  the  coal,  being  lighter  and  more  glassy, 
gathers  enough  impetus  to  jump  over  the  opening  and  pass  to  the 
bunkers,* 


Weight  per  Cnbic  Foot  of  Broken  Anthracite-— Experiments 
have  been  made  under  the  direction  of  Mr.  J.  W.  Bowden  t  to  deter- 
mine the  actual  weight  per  cubic  foot^of  anthracite  broken  to  different 
eizea"  Susquehanna  Coal  Company's  anthracite  was  used  in  proportions 
and  with  resnlts  as  follows  :— 

45  per  ceat.  Slill'i  leam,  kverage  weight  per  cubic  foot,  90-46 
""  ~  „  „  92-20 

SS'OO 
W76 
92-00 

Space  filled  as  loaded  at  breaker  without  settling  Add  S  per  cent, 
for  packed  spaces  or  large  heaps. 


Kou  „ 

Back  Mountnia 
mixed  coal 


^^ 

Bin  ot  Kceli  In  lachu. 

WeUM  per 

CuMoFoot 
from  1  Cublo 

Cubic  Foot, 

Lb€. 

Lump    .... 

67 

i-eii 

Brok^. 

H'*i 

63 

1755 

%e      ■ 

sHi 

C2 

1-789 

li^rtove 

ifsi 

61* 

1787 

SnuU  itove 

li-ii 

61i 

1-7B6 

Cbeitnnt 

1-1* 

El 

1-804 

Pet 

11 

1-S18 

No.  1  bnckwhest    .        . 

til 

1-S13 

No.  2  buckwheat    .        . 

1-813 
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I.— BLAST  FURNACE  PRACTICE. 
Result  of  Blast  Furnace  Practice  with  Lime  as  Flux.— Sir  L 

Bell  has  given  the  maximum  ratio  of  carbonic  oxide  to  carbonic  anhy- 
dride in  gases  escaping  from  the  blast  furnace  as  one  to  two  by  Tolmne 
or  three  to  four  by  weight.  The  maximum  efficiency  of  the  fuinace 
has  been  calculated  by  M.  Gruner  with  these  data.  Probably  these 
figures  are  correct  under  certain  conditions,  but  Mr.  C.  Cochnuie* 
shows  that  unrecorded  conditions  affect  this  result.  The  two  leading 
features  are  the  combustion  of  carbon  to  carbonic  oxide  at  the  tuyeres^ 
and  the  reaction  of  this  gas  on  oxide  of  iron  as  shown  by  the  formola 
Fe^Oj  +  3C0  =  Feg  +  3C0o.  Assuming  that  15  cwt  of  pure  carbon 
produces  20  cwt.  of  pure  iron,  there  is  35  cwt.  of  carbonic  oxide  pro- 
duced at  the  tuyeres,  and,  according  to  the  above  formula,  15  cwk  of 
carbonic  oxide  is  required  to  reduce  the  iron,  giving '23*57  cwt  of 
carbonic  anhydride.  The  ratio  of  carbonic  anhydride  to  carbonic  oxide 
thus  becomes  23*57  to  20*00  or  1*18  to  1.  As  a  matter  of  fact  Sir 
Lowthian  Bell's  ratio  of  0*75  has  not  been  attained  in  Cleveland  furnaces, 
but  the  author  proposes  to  show  that  the  reason  is  to  be  found  in  the 
reaction  of  red-hot  coke  on  carbonic  anhydride. 

In  the  blast  furnace  red-hot  coke  will  reduce  the  carbonic  anhydride. 
One  unit  of  carbonic  anhydride  by  reduction  to  carbonic  oxide 
requires  5607  heat  units  or  the  combustion  of  5607  -s-  2473  ^  2*26 
units  of  carbon ;  one  unit  has  disappeared  in  the  process,  so  1*26  unit 

*  Proccedingt  of  the  Institution  of  Mechanical  Engineen, 
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extra  has  to  be  burnt  at  the  tuyeres,  and  there  is  a  total  loss  of 
efficiency  of  2  26  units.  When  limestone  is  employed  as  a  flux,  it  acts 
as  one  source  of  carbonic  anhydride,  and  the  reduction  of  iron  oxide 
acts  as  the  other.  The  reduction  of  the  ore  should  take  place  at 
a  point  above  that  where  the  temperature  is  great  enough  to  de- 
compose the  flux.  If  the  ore  plunges  down  to  the  red-hot  region 
before  decomposition  so  that  the  resulting  carbonic  anhydride  is  all 
decomposed  again  by  coke,  there  may  be  an  increased  consumption 
of  13*65  cwt.  of  carbon  per  ton  of  pig  iron  at  the  tuyeres.  In 
order  to  economise  in  this  direction,  the  furnaces  at  Middlesbrough 
were  increased  in  size  to  give  greater  time  for  reduction.  Analyses  of 
the  gases  from  these  high  furnaces  show  slightly  more  carbonic 
anhydride  than  can  be  accounted  for  by  the  reduction  of  iron,  and 
this  must  proceed  from  the  limestone.  The  amount,  however,  is 
small,  and  does  not  affect  the  main  question. 

An  elaborate  comparison  is  then  made  by  the  author  between  the 
results  obtained  from  a  furnace  working  under  two  different  conditions. 


Working  on 
Limestone. 


lUtio  of  COj  to  CO  by  weight 
Temperature  of  blast        .... 
Temperature  of  escaping  gases 
Coke  consumed  per  ton  of  pig  iron   . 
Limestone  consumed  per  ton  of  pig  iron  . 
Total  weight  of  dry  air  required  per  ton 

iron 

Total  weight  of  dry  gases  escaping  . 

Consumption  of  calcined  ironstone  per  ton  of 

Make  of  pig  iron  per  month     . 

Quality  of  pig  iron.     No. 

Blast,  pressure  per  square  inch  at  tuyeres 

Area  of  tuyeres  in  square  inches 


0-473 

807"  C. 

327'*  C. 
23-28  cwt. 
13-18 


114-05 


tf 


tt 


>t 


146*23 
50-13    „ 
2141  tons 

3-25 

3-87  lbs. 

142 


Working  on 
Lime. 


0-535 

765"  C. 

301"  C. 
19-49  cwt. 
12-28 


87-69 


tf 


yt 


ft 


I 


113-10 
50-00    „ 
2453  tons 

3*81 

878  lbs. 

142 


The  economy  in  pure  carbon  in  the  coke*  is  21*19  -  17*44  =  3*75 
cwt  per  ton  of  pig  iron,  whereas  by  calculation  on  the  lines  indicated 
above  the  saying  should  have  been  2*94  cwt.,  according  to  the  com- 
position of  the  escaping  gases.  The  ratio  of  carbonic  anhydride  to 
carbonic  oxide  has  not  been  raised  so  much  as  was  hoped,  and  in  this 
the  use  of  lime  has  failed  to  accomplish  all  that  was  desired,  f6r  the 
weight  of  carbonic  anhydride  of  reduction  has  been  diminished.  The 
causes  of  this  disappointment  are  twofold.  When  limestone  is  used 
its  carbonic  anhydride  is  reduced  to  oxide,  and  so  the  activity  of  the 
1889.— u.  2  c 
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the  furnace  through  the  tuyere  slagging  valves  attached  to  the  bellj- 
pipes.     These  valves  are  operated  by  air-cylinders  and  are  opened  snd 
closed  with  the  engine  running,  and  the  slag  can  be  discharged  irithoBt 
any  risk  or  loss  of  time.     After  about  twenty-foar  hours  of  doie  atten- 
tion and  hard  work^  the  furnace  was  again  in  fair  working  order.    An 
examination  showed  that  the  brickwork  on  the  west  side  of  the  far- 
nace  about  the  top  of  the  boshes  was  only  2  to  3  inches  thick,  whilst 
on  the  east  side  it  was  9  to  10  inches.     This  was  determined  by  diiUiaf 
holes  at  inter^'^als  through  the  furnace  walls.     In  order  to  IQl  iq»  and 
restore  the  bosh  to  something  approximating  suitable  proportion^  it 
was  decided  to  run  the  furnace  on  silver-grey  iron,  in  hopes  tlut  a 
graphitic  bosh  could  be  formed.     It  was  while  this  effort  was  being 
made  that  the  samples  of  unreduced  ore  were  obtained  from  the  tayerei 
on  the  east  side.     It  was  observed  that  the  tuyeres  on  the  west  side 
worked  much  better  and  brighter  than  those  on  the  east  side.    T1» 
temperature  was  experimentally  determined  by  driving  bars  of  wron^ 
iron  into  the  centre  of  the  furnace  through  the  plug-holes  of  the  setenl 
tuyeres.     On  the  west  side  the  bars  became  white-hot  and  melted  off 
before  they  could  be  drawn  out,  whilst  on  the  east  side  similar  ban 
were  bright  red  at  the  points,  and  only  dull  red  for  the  greater  pait  of 
their  length.     About  the  same  time  the  tuyeres  on  the  east  side  were 
rapidly  cut,  exploding  with  reports  similar  to  pistol  shots.    As  these 
tuyeres  were  removed  the  stock  in  front  of  them  was  taken  out  and 
preserved.     It  was  from  this  stock  that  the  specimens  of  unredaeed 
ore  were  selected.     At  this  time  the  stock  was  passing  through  the 
furnace  in  about  sixteen  to  eighteen  hours,  and  the  iron  made  was 
chiefly  No.  1.     The  slag  was  uniform  and  hot,  and  the  furnace  was 
working  fairly  regularly,  but  not  with  the  usual  fuel  economy  or 
average  yield  of  iron.     Owing  to  the  shape  of  the  furnace  being 
oblong,  instead  of  circular,  it  was  supposed  that  a  much  larger  volume 
of  gas  ascended  on  the  west  side  than  on  the  east     The  gas  currents 
thus  established  thoroughly  reduced  the  ore  on  that  side,  but  were 
deficient  in  quantity  on  the  east  side,  and  thus  the  ore  on  this  side 
descended  without  being  properly  acted  upon,  and  reached  the  tuyeres 
and  crucible  unreduced.     The  presence  of  unreduced  ore  naturally 
made  that  side  of  the  funiace  work  cold,  and  this  again  facilitated  still 
further  arrivals  of  unreduced  ore  in  the  crucible.     The  frequent  loss  of 
tuyeres  was  due  to  the  formation  of  pockets  under  the  tuyeres,  which 
filled  with  iron  as  it  was  melted,  and  this  iron  coming  into  contact 
with  the  bronze  of  the  tuyeres  produced  the  explosions.    In  order  to 
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The  pig  iron  made  from  thess  ores  hu  the  following  ( 
tion: — 


Fouadrr  Inn. 

Orsf  ForgB  Iroo. 

Whits  FciK  In 

Cwbon    .... 
SUicon     .... 
Snlphar  .... 

4-00-4 -50 
2-50-3-OO 
tra™-005 
0-40-0-80 

OBO-o-eo 

Pnoaut. 
3-60-4 -00 
0-50-0-95 
0-03-0-07 
0-40-0-80 
1-00-1-50 

0-20-0« 

O-W-O-BS 
0-80-1-M 

The  Blag  produced  ha 

s  the  following  composition : — 

FDundrrlnm. 

0„..o.^i™. 

WtalttnBclm. 

SUic*      .... 

Fn  eont 
81-50-3a-00 
23-50-24 -00 
13  50-44-00 

tVomt 
29-50-30-00 
21 -50-22-00 

47-60-48-00 

PBO-IL 

as-so-ss-M 

46-5O-I7-00 

By  the  addition  of  manganese  ores  'from  Laurium  in  Greece  « 

Roman^che,  France,  the  following  metal  is  produced : — 


The  slag  then  produced  contains ; — 

SlticL  Alumliu.  Urn*. 

27-00-27-6O  21-00-^21-SO  5l-00-3I1» 

About  3  millions  of  slag  bricks  are  produced  annually  at  this  worka 

At  the  Firminy  Steelworks  there  is  one  blast  furnace  with  a  dtilj 
production  of  about  90  tons.     The  following  are  analyses  of  otm 

smelted : — 
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The  following  are  analyses  of  the  pig  iron  and  spiegeleisen  pro- 
duced : — 


Foundry  iron  .  . 
White  forge  iron  . 
Silicon-spiegeleisen 
Spiegeleisen .     .     . 


Carbon. 

Silicon. 

Manganese. 

Phosphorus. 

Sulphur. 

Per  cent. 

Per  cent 

Per  cent 

Per  cent. 

Per  cent. 

3-40 

3-20 

010 

0-07 

0  02 

3-20 

0-40 

102 

0-07 

0-07 

1-42 

1700 

18-09 

0  085 

trace 

4-00 

4-50 

16-00 

0-07 

0-01 

At  the  St.  Louis  Works,  Marseilles,  metals  of  the  follow  composition 
ire  produced : — 


Fe. 


Spiegeleisen .  . 
Ferromanganese 
Ferromanga'nese 
Ferrosilicon .    . 


Per  cent. 

65-80 

47-14 

6-23 

82-60 


Md. 


Percent. 

27-41 

46-19 

85-40 

2-60 


Total 
Ciirbon. 


Percent, 
6-00 
5-93 
7-10 
2-10 


Graphite.       Si. 


Per  cent.  Per  cent. 


S. 


P. 


0-28 
0-14 
0-56 
210 


0-23 

0-U 

0-47 

12-60 


Percent  Percent. 
0-009     0  062 
0  005     0  095 
trace  <  0-168 
0-054  '  0-088 


Cu. 


Percent 
0-019 
0-024 
0-060 
trace 


Both  foundry  and  forge  pig  iron  are  also  made  at  this  works.* 

French  Blast  Furnaces. — The  following  are  fhe  dimensions  of 
two  blast  furnaces  erected  at  Micheville,  France  : — 


I. 

II. 

• 

Feet  Inches. 

Height 67        7 

Diameter  at  crucible ...          67 
Diameter  at  boshes    ...        21         4 
Diameter  at  throat    •                          17        3 

Capacity,  cubic  feet  .         .         .  '         15,892 

1 

Feet  Inches. 

67         7 

7          6 

22         2 

18        1 

16,775 

No.  1  furnace  was  put  into  blast  in  1878,  foundry  iron  being  made, 
the  outturn  being  from  80  to  90  tons.  White  iron  was  afterwards 
made  in  place  of  the  foundry  iron,  and  the  production  increased  to 
120  tons.  The  blast  is  heated  by  six  Whitwell  stoves,  each  49  feet 
2  inches  in  height,  but  these  are  now  being  replaced  by  Cowper 
stoves.t 

•  Stahl  und  Bisen,  vol.  ix.  p.  868. 
t  lUd.,  p.  856. 
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The  Blast  Furnaces  at  the  Isbergnes  Steelworks,  Fruioe.- 

F.  Laur*  states  that  the  main  dimensions  of  the  two  blast  fimacei 
erected  at  these  works  are  as  follows : — 

F«et  Inebau 

Height 65         7 

Diameter  at  the  bothes 19         8 

Diameter  at  the  throat 14         8 

Diameter  at  the  crucible 7         4 

The  capacity  is  about  12,360  cubic  feet 

Somorrostro  ore  is  alone  used,  the  percentage  of  sulphur  not  exceed- 
ing 004,  and  that  of  phosphorus  005.  The  daily  production  of  the 
furnaces  is  about  260  tons,  with  a  consumption  of  495  tons  of  oe^ 
95  tons  of  limestone,  and  265  tons  of  coke.  The  blast  is  heated  in 
twelve  Whitwell  stoves  to  a  temperature  of  750^  the  pressure  bong 
usually  about  9^  inches,  reaching  occasionally  11  inches. 

Rassian  Ironworks. — Professor  Time,  of  the  St.  Petersburg  Mining 
Institute,  has  prepared  an  elaborate  report  on  the  present  condition  of 
the  metallurgical  and  mining  industries  of  the  Don  coalfield.  Thiihai 
been  translated  from  the  Eussian  by  Mr.  G.  Kamensky.f    . 

The  author  first  describes  the  oldest  of  the  South  Russian  ironworb 
—those  of  Mr.  Hughes.  They  are  typical  English  works,  with  two 
blast  furnaces.  It  is  now  proposed  to  build  a  third,  capable  of  yielding 
160  tons  per  day.  The  life  of  the  old  coke  furnaces  having  a  yield 
of  25  to  30  tons  per  day  often  exceeded  nine  years,  or  about  110,000 
tons  during  the  whole  period.  Under  present  conditions  at  Hughes' 
works  a  furnace  is  capable  of  yielding  100,000  tons  during  its  four 
years'  life.  Mr.  Hughes  is  of  the  opinion  that  a  shorter  life  with  t 
corresponding  increase  in  production  is  still  more  profitable,  and  tint 
150,000  tons  of  iron  may  be  smelted  in  two  or  three  years  with  great 
advantage. 

The  Hughes  works  possess  both  a  puddling  and  a  steel-maloDg 
department.  The  former  consists  of  eight  open-hearth  furnaces  and  a 
three-high  rolling  mill  The  yearly  production  of  rails  is  nearly  30,000 
tons.  The  open-hearth  process  takes  twelve  hours.  The  funsce 
charge  is  composed  of  10  tons  of  pig  iron,  5  tons  scrap  iron,  }  toD 
spiegeleisen,  and  a  small  quantity  of  Krivorogesky  iron  ore.  The 
metal  is  run  into  a  cast  iron  mould.  The  ingots  have  a  section  of  U 
inches  square  at  the  wide  end,  and  12  inches  at  the  narrow  end.   Their 

*  Jjicho  dc8  Mines  toI.  xiv..  No.  41,  p*  ^* 

t   Tfie  Colliery  Guai-dian,  vol.  Ivii.  p.  876 ;  vol.  Iviii.  pp.  24,  83,  132,  241. 
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weight  yaries  from  1  ton  to  1^  ton.  Each  ingot  makes  four  rails.  One 
ton  of  rails  requires  the  consumption  of  ^  ton  of  coal  in  the  open- 
hearth  furnaces,  and  f  ton  for  reheating  and  working  the  rolling 
mills. 

The  number  of  men  employed  at  the  works  and  in  the  mines  is  4000. 
The  amount  paid  in  wages  varies  from  £15,000  to  £18,000  per  month. 
The  production  of  the  Hughes  ironworks  during  the  year  1888  amounted 
to  53,704  tons  of  pig  iron,  26,877  tons  of  steel  rails,  4224  tons  of  chairs, 
fish  plates,  &c.,  and  4750  tons  of  manufactured  iron.  Of  coal,  263,730 
tons  were  raised,  and  67,708  tons  of  coke  were  produced-  The  follow- 
ing are  analyses  of  the  material  used : — 


Belokrisensky. 

iDg^uletzsky. 

Terenashinsky. 

Lifmantiky. 

Fe,0,         .        .        . 

9214 

91-42 

92-48 

95-70 

SiO,  .... 

5-96 

6-74 

3-75 

1-00 

AljOs. 

0-50 

0-30 

1-00 

7-00 

PsO,  .        .        .        . 

004 

0-067 

0-10 

0-024 

S        .        .        .        . 

0  027 

0-025 

•  •  • 

0014 

Mn    .        .        .         . 

0-264 

•  •  • 

•  «  • 

•  •  • 

CaO   . 

•  •  • 

0-560 

•  •  • 

0-54 

Metallic  iron 

1 

64-50 

6400 

64-63 

• 

67-00 

NoTotro- 
enaky  Ore. 

Nicolaeff- 
sky  Ore. 

BtUeffsky  Ore. 

1 

Karakoubaky  Ore. 

No.  2. 

No.116. 

No.  4. 

No.  6. 

No.  61. 

No.  7. 

No.  8. 

Fe,03  . 

SiO.    . 

AljOs  . 

S 

PiOa   .       . 

Mu 

CaO    . 

Metallic  iron 

76-14 
8  70 
500 

•  • « 

100 

2-35 
53 

71-43 

17-60 

4-00 

6-438 
... 

0-335 
50 

71-43 

1200 

5  98 

6-13 
4-00 

•  a  • 

50 

70-00 

2000 

5-00 

6-25 

•  •  • 

•  •  • 

49 

64-24 

16-00 

8-00 

6-09 
8-00 

•  •  • 

45 

73  00 
13-30 

•  •• 

•  •  • 

0-10 

e*« 

•  •  • 

51 

73-00 
14-40 

•  •  • 

•  •  • 

0-115 

•  •  • 

•  >  • 

51 

7614 
7-50 
3-50 

0167 

•  •  • 

8-00 
53 

73-00 
8-00 
310 

•  •  • 

0-77 

•  •  • 

7-eo 

51 

Coals  from  the  Smolianinoffsky  Seam, — An  assay  of  coal  after  being 
three  days  in  a  room  at  H**  C.  gave  the  following  percentages : — Ash, 
2*66;  sulphur,  0*35;  coke,  79*07;  non- volatile  organic  matter,  75*93 ; 
volatile  matter,  20*75 ;  moisture,  1*0.  Dried  over  sulphuric  acid  during 
four  days  the  coal  yielded: — Ash,  2*59;  .sulphur,  0*36;  disposable 
hydrogen,  3*14;  nitrogen  and  oxygen,  10  60;  hydrogen,  4*46;  carbon, 
81  -99.  Specific  gravity,  1  298;  calorific  power  calculated  from  analysis 
7690  calories;  evaporating  power,  14*32;   100  parts  of  the  organic 
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matter  of  the  coal  yielded :  volatile  matter,  21-60 ;  coke,  78*40 ;  caxboo, 
84*48 ;  hydrogen,  4*57 ;  oxygen  and  nitrogen,  10-95. 

Coal  from  the  Livensky  Seam, — From  100  parts  of  coal,  after  bong 
three  days  in  a  room  at  17*  C,  there  was  obtained: — ^Ash,  3*59; 
sulphur,  0*72 ;  coke,  72*25 ;  non-volatile  organic  matter,  68*50;  volstik 
organic  matter,  26*86 ;  moisture,  0*89.  In  100  parts  of  coal,  diied 
over  sulphuric  acid  during  four  days: — Ash,  3-63;  sulphur,  0*73: 
disposable  hydrogen,  3*30 ;  nitrogen  and  oxygen,  12-45 ;  hydrogen, 
4*86;  carbon,  78*33.  Specific  gravity,  1*300;  calorific  power,  7451 
calories;  evaporating  power,  13*87. 

Coal  from  the  Semeonoffsky  Seam, — 100  parts^  after  being  three  diyi 
in  a  room  at  17**  C,  yielded : — ^Ash,  3*75;  sulphur,  0*66 ;  coke,  63*70; 
non-volatile  organic  matter,  59*62;  volatile  organic  matter,  35*01; 
moisture,  0*96.  In  100  parts,  dried  over  sulphuric  acid  during  four 
days: — Ash,  3*79  ;  sulphur,  0*67 ;  disposable  hydrogen,  3*33;  nitzoga 
and  oxygen,  12  32;  hydrogen,  4*87;  carbon,  78*35.  Specific  grafity, 
1*292;  calorific  power,  7463  calories;  evaporating  power,  13*89. 

Coke  from  the  SmoUaninoffsky  Coal, — 100  parts,  after  being  three  daji 
in  a  room  at  17°  C,  yielded  :— Ash,  8  08 ;  sulphur,  0*68;  coke,  99*79; 
non-volatile  organic  matter,  91*03 ;  volatile  organic  matter,  0 ;  moistme, 
0*21.  In  100  parts  dried  over  sulphuric  acid  during  four  days: — ^Ash, 
8  10;  sulphur,  0*69;  disposable  hydrogen,  0*19;  nitrogen,  oxygen, 
106 ;  hydrogen,  0  32 ;  carbon,  89*83.  Specific  gravity,  1*945 ;  calorific 
power,  7525  calories;  evaporating  power,  14*01.  This  coke  is  con- 
sidered the  best  made  in  the  Don  basin. 

Iron, — Cast  iron  for  sale  : — Carbon  (graphitic),  3*595 ;  carbon  (com- 
bined), 0*511 ;  silicon,  2*111 ;  sulphur,  0*024  ;  phosphorus,  0*593;  man- 
ganese, 1*685.  Pig  iron  for  steelmaking: — Carbon  (graphitic),  3*109; 
carbon  (combined),  0620;  silicon,  1*810;  sulphur,  0*031 ;  phosphoruSi 
0*070  ;  manganese,  0*216. 

Manganese  Pig. — Manganese,  45  5;  carbon,  4;  silicon,  1;  phos- 
phorus, 0*25;  iron,  49*25. 

Open-hearth  Steel  (Rails), — Carbon  per  cent.,  0*400;  silicon,  0*030; 
sulphur,  0*034;  phosphorus,  0072;  manganese,  0*700. 

The  Alexandrofisky,  or  Briansk  Works,  as  they  are  often  caDed, 
are  situated  on  the  right  bank  of  the  Biver  Dnieper  about  a  mile  from 
the  town  of  Ekaterinoslav. 

The  plant  of  the  Ekaterinoslav  works  is  calculated  for  the  produc- 
tion of  50,000  tons  of  steel  rails  and  25,000  tons  of  iron  of  varioas 
sorts.     For  the  manufacture  of  the  above  quantity  of  rails  and  iron, 
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the  vertical  direct-acting  type,  having  the  steam  cylinder  belov,  aid 
the  air  cylinder  above.  The  steam-cylinder  is  34  inches  in  diimeter, 
and  has  a  4-foot  stroke ;  it  is  fitted  with  a  Reynolds-Corliss  vslve  gar. 
The  air  cylinder  is  78  inches  in  diameter,  with  a  4-foot  stroke,  and  hai 
the  Reynolds  patent  positive-motion  air  valve.  The  two  fly-wlieeb 
weigh  31  tons,  and  the  total  weight  of  the  engine  is  92  torn.  Hm 
speed  is  controlled  by  a  fly-ball  governor  attached  to  the  cat-off  oum 
of  the  steam-valve,  and  can  be  varied  from  12  to  50  rerolatioiu  I7 
simply  turning  a  hand-wheel,  the  engine  remaining  absolatelj  nndv 
control  of  the  governor.  At  50  revolutions  the  capacity  is  13,000 
cubic  feet  of  air  per  minute. 

The  special  feature  of  the  machine  is  the  valve  gear  of  the  air 
cylinder,  which  was  designed  by  Mr.  £.  Reynolds.  In  each  cylinder 
head  are  two  rolling  valves,  each  16  inches  in  diameter,  one  being 
the  inlet,  and  the  other  the  discharge.  The  inlet  valves  are  opened 
and  closed  positively  by  means  of  a  direct  connection  with  a  wiiit- 
plate.  The  discharge  valves  are  closed  at  the  proper  time  by  the 
same  wrist-plate  that  drives  the  inlet  valves,  but  are  opened  aatoau- 
tically  when  the  air  in  the  cylinder  reaches  the  same  pressure  u  the 
air  in  the  blast-pipe  leading  to  the  furnace.  The  wrist-plate  is  driven 
by  an  eccentric  on  the  main  shaft  of  the  machine  through  suitable 
connection.  The  connection  between  the  lyiist-plate  and  the  delivery 
valve  is  by  means  of  a  rod  slotted  to  receive  a  pin  on  the  actuating 
arm  of  the  valve,  and  is  positive  in  its  motion  only  at  such  time  as  the 
rod  is  moving  towards  the  cylinder  head  and  acting  upon  the  valve  to 
close  it.  When  the  motion  of  the  wrist-plate  is  reversed,  the  slotted 
end  of  the  rod  permits  the  reverse  motion  of  the  wrist-plate  and  rod 
to  take  place,  while  the  delivery  valve  remains  closed,  being  held  in 
that  position  by  a  hook  or  catch  until  it  is  automatically  released  and 
allowed  to  open.  Att^iched  to  the  stem  of  the  valve  is  an  arm,  pro- 
vided at  its  outer  end  with  a  pin  and  block,  on  which  is  also  attadied 
by  pin  and  rod  a  weight  working  in  a  dash-pot.  To  a  fixed  pin  ii 
pivoted  a  hook  provided  with  a  tailpiece  engaging  with  the  block 
Tiie  piston-rod  of  the  piston  of  a  small  cylinder  is  so  arranged  as  to 
disengage  the  hook  at  the  proper  time  to  allow  the  weight  to  open 
the  delivery  valve.  When  this  valve  is  closed  the  piston-rod  is  free 
of  the  hook,  and  yet  so  near  that  a  short  movement  will  cause  it  to 
1)ear  against  and  release  the  hook.  The  small  cylinder  is  connected  bj 
a  pipe  in  its  top  with  the  receiver  or  blast-pipe  leading  to  the  furnace, 
whilst  a  second  pipe  connects  the  other  end  with  the  end  of  the  main 
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It  is  found  that  3-inch  Talves  are  most  convenient  in  size.  One 
6-inch  valve  has  been  made ;  in  this  case  the  cap  itself  is  the  tbItc, 
and  carries  eye-hole  and  pricker-hole.  On  one  occasion  the  engine 
suddenly  stopped  and  the  pipes  filled  with  slag.  The  6-inch  Tihe 
opened  automatically  by  the  pressure  of  the  slag,  the  othen  ven 
easily  opened  with  a  small  bar.  The  shell  of  slag  was  cleared  and 
everything  restarted  in  half  an  hour's  time.  These  valves  are  foond  to 
give  perfect  satisfaction,  and  are  even  oj)ened  once  or  twice  a  day  to 
clean  out  the  tuyeres. 

Flue  Dnst. — A  small  percentage  of  2inc  in  the  ores  of  Low  Motfi 
Virginia,  according  to  Mr.  E.  C.  Means,*  sometimes  gives  rise  to 
trouble  in  working  the  furnaces.  In  one  case  a  mass  of  nearly  6  tons 
of  zinc  oxide  was  attached  to  the  lining  below  the  tunnel  head.  A 
dust  catcher  with  a  small  bell  is  used  to  reduce  the  amount  in  tbe 
flues.  The  bell  is  lowered  at  least  twice,  and  the  daily  yield  is  600 
to  1000  lbs.  An  analysis  gave  87*G6  per  cent  of  zinc  oxide,  or  70*36 
per  cent,  of  metallic  zinc.  It  also  contained  iron,  manganese,  iinK^ 
alumina,  silica,  phosphoric,  and  sulphuric  anhydrides.  An  analysis 
of  the  dust  taken  150  feet  from  the  furnace  showed  30  per  cento; 
metallic  zinc. 


11.— CHEMICAL  COMPOSITION  OF  PIG  IRON, 

American  Pig  Iron. — According  to  Lagerwall,t  the  following  ire 
the  six  most  notable  types  of  pig  iron  made  in  the  United  States:— 

1.  The  Poughkeepsie  iron,  made  in  New  York  with  anthracite,  from 
two-thirds  of  magnetite  and  one-third  brown  haematite.  It  is  especiillT 
adapted  for  castings,  and  contains  approximately  4*24  per  cent,  of  car- 
])on,  3  00  silicon,  Q-15  phosphorus,  0O5  sulphur,  and  1*46  manganese. 

2.  The  Busliong  pig  iron  of  Pennsylvania,  made  from  similar 
material,  and  containing  3  34  carbon,  1*93  silicon,  109  phosphorus, 
0*013  sulphur,  and  0*14  manganese.  3.  Pig  iron  made  from  red 
hsematite  at  the  Franklin  and  Alice  furnaces  in  Alabama,  with  a 
high  temperature  and  rapid  blast,  contains  4*85  silicon  and  only  2"96 
carbon.  The  Rising  iron  of  Georgia,  containing  1*74  silicon  and  4*23 
carbon,  is  of  good  quality.  In  the  Southern  States  the  proportion  of 
manganese  is  usually  very  low.     4.  The  Dayton  pig  iron  is  made  in 

•  Transactiont  of  the  Ama^ican  Institute  of  Mining  Engineers,  rol.  xrii  pp.  12J>-15L 
t  Jemkontorets  Annaler,  vol.  xliiL  pp.  3C1-373. 
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In  order  to  produce  an  alloy  very  rich  in  chromium  use  wis  made 
at  Unieux  of  potassium  dichromate.  The  main  difficulty  conneded 
with  the  economic  manufacture  of  these  alloys  consists  in  the  diffieatef 
with  which  the  chromium  is  reduced.  From  this  cause  the  ontpnt  of  i 
blast  furnace  sank  to  11  or  12  tons  a  day,  3  tons  of  coke  being  used  for 
each  ton  of  the  chrome  iron  produced.  The  production  of  chrome-iiOD- 
manganese  is,  however,  now  very  easy.  H.  Echardt's  process,*  vfaick 
consists  in  smelting  the  chrome  ore  with  cinder  from  the  acid  Benemer 
converter,  and  with  manganese  ore,  yields  good  results^  the  metil  and 
slag  separating  with  great  readiness,  the  manganese  in  the  alloy  adding 
greatly  to  the  fluidity  of  the  metal. 

When  molten  ferro-chrome  is  exposed  to  the  action  of  the  atmos- 
phere it  becomes  covered  with  a  green  film  of  chrominm  oxide  i  tlie 
chromium  slags,  on  the  other  hand,  become  covered  with  a  brown  fila 
on  cooling,  due,  it  is  thought,  to  the  formation  of  a  chromate. 

With  regard  to  the  influence  of  chromium  on  iron,  the  additioi 
of  chromium  to  unhardened  steel  greatly  increases  the  limit  of  ehi- 
ticity  and  the  ultimate  tensile  strength,  without^  however,  aflhctiiig  tk 
degree  of  elongation  which  would  be  due  to  the  percentage  of  euboa 
also  present.  A  chrome  steel  may  possess  the  same  power  of  reiitt- 
ance  to  stress  as  a  hard  carbon  steel,  but  it  will  not  be  so  brittle.  A& 
addition  of  chromium  by  itself  will  not  impart  to  iron  the  properif  of 
becoming  hardened  on  quenching  in  water,  but  a  chrome  steel  ood- 
taining  carbon  is  easier  to  harden  and  becomes  much  harder  thin 
does  a  steel  with  the  same  percentage  of  carbon,  but  which  contains  no 
chromium.  Unhardened  chrome  steel  is  difficult  to  fracture,  and 
shows  a  very  fibrous  structure.  By  hardening  at  suitable  temperatures 
the  texture  of  the  metal  becomes  the  more  finely  granular  the  higher 
the  percentage  of  chromium  and  of  carbon.  When  the  percentago  of 
carbon  reaches  4,  the  metal  is  so  hard  that  ordinary  tools  will  not 
touch  it.  If,  however,  such  steel  is  hardened  in  water,  it  becomes 
fragile.  One  of  the  peculiarities  of  chrome  steel  is  that  the  oxide  scale 
on  the  surface  of  the  metal  does  not  separate  from  the  metal  when  it 
is  plunged  into  water  from  a  red  heat.  Chrome  steel  deteriorates  in 
quality  if  it  is  heated  to  too  high  a  temperature,  or  for  too  lengthened 
a  period.  Such  steel,  too,  solidifies  at  a  much  higher  temperature  than 
does  ordinary  carbon  steel,  and  whilst  of  very  fine  grain  and  extremelj 
hard,  it  is  more  afiected  by  sudden  shock  than  it  is  by  a  steady  stress. 
For  certain  classes  of  tools  it  is  better  than  the  very  best  crucible 

*  Journal  of  the  Iron  and  Steel  InttiiuU,  1889,  vol.  L  p.  SIL 


412  THE  IRON  AND  BTEEL  INDU8TBIE8. 

sulphur  when  small  in  amount  the  Tariations  are  rery  great^  and  tldt 
may  be  due  either  to  imperfect  methods  of  analysis  or  to  great  Tim- 
tion  in  the  distribution.  Probably  both  aspects  require  considentiaL 
As  regards  silicon  the  analysts  vary  about  0*1  per  cent,  while  in  tke 
same  brand  the  differences  are  0-5  per  cent.  With  regard  to  metbodi 
of  analysis,  many  kinds  were  tried  and  gave  uniform  results  with  eadi 
individual,  so  that  there  appears  to  be  no  particular  preference  for  one 
over  another. 


III,— BLAST  FURNACE  SLAGS. 

in  Slag. — Professor  J.  H.  L.  Vogt,*  of  Christiania,  has  dit 
covered  mica  in  a  melilite  slag  froin  the  Kouigin  Maria  Irooworks  at 
Zwickau  in  Saxony.  The  mineral,  which  was  isolated  by  treatmat 
with  hydrochloric  acid  and  potassium  hydrate  alternately,  was  found 
under  the  microscope  to  be  optically  negative  and  biaxial  Distinct 
pleochroism  was  observed.  The  author  regards  this  variety  of  mica 
as  belonging  to  the  biotite  series.  He  has  also  discovered  mica  in  ala^ 
from  Kafveltorp  works  in  Orebro,  Sweden,  and  from  the  Garpenbeig 
works  in  Sweden. 

A  Fayalite  Slag. — A.  Firket  t  has  analysed  a  slag  from  the  Oagr^ 

Ironworks  with  the  following  results : — 

Silica.      Ferrous  oxide.      Ferric  oxide.      Maoganous  oxide.     Sulphur.      Fhoephorat. 
28-00  6200  9-30  0*97  O'H  0*50 

The  sulphur  being  subtracted  as  manganese  iron  sulphide,  and  the 
phosphorus  as  iron  phosphide,  there  remains  82*69  Fe^SiO^,  1'17 
MnjSiO^,  12-21  FcgSiO^,  and  only  0*42  FejjOj  in  excess.  The  hard- 
ness  of  the  slag  was  found  to  be  6,  and  its  specific  gravity  4-212. 

Blast  Furnace  Slags.— P.  Gredt;):  has  made  a  series  of  experi- 
ments to  ascertain  the  influence  exerted  by  the  presence  of  varying 
quantities  of  alumina  on  the  melting-points  of  blast  furnace  slags. 
The  influence  which  is  exerted  on  the  successful  working  of  a  blast 
furnace  by  the  relative  fusibility  or  infusibility  of  the  slag  becomes 

*  Forhandlinger  i  VidentkapiseUkaUt  i  Chrittianiaf  No.  6,  pp.  1-42. 
t  ZeiUchrift  fiir  Kryttallographie^  vol.  xv.  pp.  652-653. 
X  Stahl  und  Eiten^  vol.  ix.  pp.  766-759. 
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By  means  of  these  figures  the  author  shows  that  the  meltuig-poiiits 
of  any  other  mixture  of  silica,  alumina^  magnesia^  and  lime  may  be 
readily  calculated. 

Mr.  A.  D.  Elbers  *  shows  that  the  amount  of  sulphur  in  blait  for- 
nace  slag  is  an  indication  of  the  contained  silicatea.  Slag  not  eoe* 
taining  sulphur  is  practically  useless  for  manufacturing  purposes,  as  die 
silica  is  high  and  the  slag  chills  too  quickly.  SulphurouB  slags,  on  the 
other  hand,  remain  fluid  for  a  longer  time,  but  are  likely  to  warp  and 
to  yield  unsound  castings  which  are  *'  cold  short."  By  the  lemoYsI  of 
the  sulphur,  these  defects  are  also  removed.  The  slag  can  be  dssol- 
phurised  by  treating  it  in  converters,  while  it  is  in  the  liquid  stated 
with  sodium  nitrate.  Other  cheap  fluxes  may  also  be  added  to  reduce 
the  solidifying  point  Each  per  cent  of  sulphur  will  require  about  1|  per 
cent,  of  sodium  nitrate  for  its  combustion  as  expressed  in  the  equation  .*— 

10  C«S  +  12  NaNOa  =  10  GaO  +  6  Na,0  + 10  SO,  +  IS  N. 

Sodium  chloride  may  also  prove  a  suitable  flux,  especially  when  it  ii 
desired  to  get  rid  of  iron  by  chlorination.  These  additions  tend  ta 
make  the  slag  more  fluid  if  the  bases  are  not  increased  beyond  eectiin 
limits.  In  this  way  less  sulphurous  slags  might  be  profitably  traatei 
Desulphurised  slag  of  favourable  composition  might  remain  plastic  long 
enough  for  it  to  be  balled  up  and  compressed  into  suitable  forms. 

Slag  as  Manure. — Mr.  W.  R  Phillips  t  gives  the  composition  of 
several  forms  of  basic  slag  and  other  manures  containing  phoaphonu. 
He  shows  that,  commercially  speaking,  the  value  of  the  slag  is  often 
equal  to,  and  sometimes  even  surpasses,  that  of  other  phosphatic 
manures.  Most  of  the  phosphorus  in  the  charge  goes  into  the  pig  iron, 
and  then  appears  in  the  slag.  The  author  has  calculated  the  ratios, 
and  finds  that  to  produce  a  slag  containing  from  17  to  20  per  cent  of 
phosphoric  anhydride,  the  charge  should  contain  from  0*65  to  0*76  per 
cent  of  phosphorus.  On  an  average  one  part  of  phosphoric  anhydiide 
from  the  pig  iron  yields  7 '36  paiis  in  the  slag;  some  of  the  German 
works  obtain  as  much  as  9*3  parts. 


Slag-Orinding  MilL — All  the  basic  Bessemer  slag  made  at  the 
Eothe  £rde  Works,  Germany,  is  cast  into  tank  waggons,  and  is  then 
taken  to  the  grinding  mill  The  slag  as  it  reaches  the  mill  is  still  partlj 
liquid,  and  this  is  poured  on  to  iron  plates  to  facilitate  the  breaking 

*  The  Engineering  and  Mining  Journal^  toI.  xItu.  pp.  522,  669. 

t  Trantaciiont  of  ihe  American  InsiUute  of  Mining  Engineert,  roL  xvii.  pp.  Sl-H 
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It  was  afterwards  found  that  this  grade  of  iron  could  be  readily 
produced. 

After  an  historical  introduction,  the  author  proceeds  to  discosi  the 
use  of  the  various  elements  present  in  silicon-iron,  and  gives  tbe 
following  analysis  as  representing  the  composition  of  No.  1  Bellefonte 
Foundry  Iron : — 


Combined  Carbon.        Graphite.       Silicon.       Photphorus.         Solpbor. 

0*30  3-18  2^  0-35  0-03  01X> 

Combined  carbon  increases  the  hardness  and  brittleness  of  csst 
iron.  Such  metal  shrinks  more  in  cooling  than  does  metal  con- 
taining the  carbon  in  the  graphitic  form.  The  presence  of  solphnr 
or  manganese  promotes  the  formation  of  combined  carbon.  Graphitic 
carbon,  on  the  other  hand,  renders  cast  iron  soft  and  tough.  Silicon 
tends  to  cause  the  conversion  of  combined  carbon  into  graphitic  carbon, 
it  increases  the  fluidity  of  cast  iron,  prevents  shrinkage,  and  renden 
the  metal  difficult  to  chill.  Sulphur  hardens  iron.  It  is  powerfal  in 
its  action,  which  is  the  inverse  of  that  of  silicon,  I  part  of  sulphur 
neutralising  the  effect  of  5  or  10  parts  of  silicon.  In  soft  foundry  ironi 
the  percentage  of  sulphur  sliould  not  exceed  0*13,  for  hard  and  motiled 
irons  0*20,  nor  for  white  irons  0-25.  The  presence  of  phosphonzi 
induces  hardness  and  brittleness ;  it  increases  the  fluidity.  Manganese 
renders  the  iron  brittle.  It  causes  the  conversion  of  graphitic  into 
combined  carbon.  It  makes  iron  fluid,  reduces  shrinkage,  and  tends 
to  produce  clean  castings. 

Tests  of  Foundry  Mixtures. — Messrs,  Rodgers,  Brown  &  Ca,  of 

Cincinnati,  have  published  *  the  results  of  a  series  of  tests  of  various 
foundry  mixtures.  The  number  of  mixtures  tested  was  119,  the  test- 
pieces  broken  numbering  about  300.  These  latter  were  1  inch  sqoare 
and  24  inches  in  length  between  the  supports.  It  was  observed  that 
nearly  all  the  bars  overran  in  size  from  ^V  to  J  inch.  The  test-pieces 
were  ^made  chiefly  at  foundries  in  Ohio,  Indiana,  and  Missouri,  the 
mixtures  being  from  coke  and  charcoal  irons,  the  foundries  using  chtr- 
coal  iron  forming  about  20  per  cent,  of  the  total  number.  The  avenge 
strength  of  the  test-pieces  was  1120  lbs.,  37  breaking  below  1000  lbs., 
whilst  12  broke  at  above  1400  lbs.,  and  3  at  more  than  1500  lbs.  One 
bar,  in  which  wrought  iron  scrap  and  ferro-aluminium  were  mixed  with 
pig  iron,  broke  at  1958  lbs.  This  was  the  strongest  bar  examined,  but 
it  was  difficult  to  drill  or  work.     The  next  strongest  bar  was  from  a 

*  Iron  Age,  vol.  xliii.  p.  542. 
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and  this  again  is  dependent  on  the  presence  or  absence  of  too  mndi 
combined  carbon.     When  but  little  phosphorus  is  present  the  peroen- 
tage  of  combined  carbon  may  reach  1*5,  without  rendering  the  casting 
brittle,  but  where  much  phosphorus  is  present^  as  is  usually  the  esse, 
the  combined  carbon  should  not  exceed  a  few  tenths  per  cent.    On  the 
other  hand  the  percentage  of  combined  carbon  must  not  be  too  low  sod 
the  phosphorus  too  high  if  castings  of  considerable  strength  are  to  Ve 
produced,  for  the  strength,  hardness,  and  specific  gravity  of  the  metal 
increase  with  the  percentage  of  combined  carbon.     When  the  iron  con- 
tains 0*25  per  cent,  of  phosphorus,  the  greatest  strength  will  be  obtained 
with  0*8  to  1'4  per  cent,  of  combined  carbon,  and  it  is  absolntelj 
certain  that  as  the  percentage  of  phosphorus  increases,  that  of  the  com- 
bined carbon  should  become  lower.     It  seems  as  though  by  a  partial 
replacement  of  the  combined  carbon  by  silicon  and  phosphorus  the 
strength  of  the  metal  is  increased.    Silicon,  like  combined  carbon,  though 
in  a  less  degree,  increases  the  strength  of  cast  iron ;  but  its  action 
is  less  a  direct  one  than  by  its  influence  on  the  state  of  the  carhoa 
The  direct  action  of  silicon  is  indeed  very  different,  as  it  not  only  doei 
not  diminish  the  brittleness  of  the  iron  but  actually  increases  it^  and 
increases  the  hardness.     With  regard  to  the  influence  of  manganese, 
this  element,  like  sulphur,   but  in  a  much   less  degree,   causes  the 
formation  of  combined  carbon.     Ordinary  foundry  iron  may  contain 
about  half  as  much  manganese  as  there  is  silicon  present,  without 
seriously  affecting  the  action  of  the  silicon,  and  it  is  even  probable 
that  a  percentage  of  manganese  such  as  this  acts  beneficially.    For 
very  strong  iron  a  larger  percentage  of  combined  carbon  is  necessary 
than  that  present  in  ordinary  foundry  iron,  and  consequently  the  rela- 
tive percentage  of  silicon  must  be  diminished  and  that  of  manganese 
increased.     The  influence  of  phosphorus  on  the  state  of  the  carbon  is 
also  similar  to  that  of  sulphur,  but  its  action  is  even  less  energetic 
than  that  of  manganese.     Like  sulphur  and  manganese,  it  influences 
not  only  the  condition  of  the  carbon,  but  also  diminishes  the  total  per- 
centage which  the  iron  can  take  up.     If  a  strong  casting  is  reqnW* 
the  percentage  of  phosphorus  may  be  as  much  as  1*5  without  inducing 
brittleness,  provided  a  sufiicient  quantity  of  silicon  is  present  to  keep 
the  combined  carbon  down  to  a  few  tenths  per  cent.     Phosphorus  has 
the  advantage  of  increasing  the  fluidity  of  the  metal,  and  its  presence 
even  in  considerable  quantities  may  thus  prove  beneficiaL 

The  author  refers  to  the  change  in  the  character  of  pig  iron  produced 
by  remelting,  the  loss  of  silicon  this  involves,  and  the  change  in  state 


420  THE  IKON  AND  STEEL  INDUSTRIES. 

steely  iron  with  5  per  cent  of  carbon  with  incliuions  of  gnqphitic 
seggregations.     On  analysis  the  iron  yielded  : — 


Si. 

Combined  C. 

Oraphite. 

Mn. 

P. 

& 

2-22 

0*49 

2-21 

0-45 

o-dS 

0-30 

A  cube  of  this  iron,  1 '18-inch  side,  broke  after  eleven  blows,  tnth  in 
expenditure  of  870  foot-lbs.  of  work. 

A  pump  cylinder,  19*29  inches  in  diameter,  6 '29  inches  in  ihicknea^ 
and  2'1  tons  in  weight,  was  found  to  be  thoroughly  sound  under  a 
pressure  of  280  atmospheres.  The  author  is  consequently  of  opiniao 
that  the  manufacture  of  large  machine  parts  by  melting  white  pig 
iron  with  ferro-silicon  is  the  only  correct  method. 

The  author  further  refers  to  the  use  of  silicon  in  general  for  fonndiy 
purposes,  and  also  to  the  possible  extended  use  of  aluminiuin  for 
similar  purposes. 

Cupolas. — The  success  of  the  Herbertz  cupola  *  has  been  so  great 
that  in  three  years  in  Germany  alone  150  of  these  cupolas  have  been 
erected.  During  the  three  years  the  cupola  has,  according  to  SsUer,t 
passed  through  all  phases  of  development.  The  chief  advantage  of 
this  cupola  consists  in  the  production  of  a  dense  and  soft  cast  iron, 
even  from  poor  brands.  This  is  due  to  the  fact  that  through  the 
uniform  aperture  for  the  admission  of  air  passing  around  the  body 
of  the  furnace,  the  exterior  atmospheric  air  enters  into  the  fomaoe  at 
quite  a  low  tension,  effects  the  combustion  of  the  coke,  close  above  the 
aperture,  with  formation  of  carbonic  anhydride,  and  thus  melts  the 
iron  with  as  small  as  possible  a  withdrawal  of  carbon  and  silicon. 
The  iron  is  not,  as  in  other  cupolas,  rendered  viscous  in  the  upper 
portions  of  the  furnace,  but  passes  well-heated  into  the  fusion  zone. 
The  consumption  of  coal  in  the  production  of  the  steam  has  been 
determined  at  the  works  of  Siilzer  Brothers.  It  is  found  to  require 
I'SO  lb.  for  heating  the  boiler  in  order  to  melt  100  lbs.  of  iron.  A 
cupola  of  this  type  at  the  Isselburg  Works  melts  4  to  6  tons  of  iron  per 
hour.  In  trials  recently  made  with  heated  air,  the  air  was  heated  to 
400°  C.  by  means  of  the  furnace  itself,  and  it  was  found  possible  to 
melt  steel  and  even  wrought  iron. 

Baron  von  Manteuffel  reports  that,  of  the  more  recently  invented 
cupolas,  those  of  Herbertz  and  of  Greiner  and  Erpf  consume  least 
material.     At  the  Lauchhammer  ironworks,  a  Herbertz  cupola  is  in 

•  Journal  of  the  Iron  and  Steel  Institute,  1887,  No.  IL  p.  2%. 
+  Dinglcr^i  polytechnitchet  Journal^  vol.  colzxiy.  pp.  163-170. 
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section,  aniform  from  end  to  end,  should  be  used,  and  then  titthr 
maj  be  square  or  oblong  in  section  indifferently. 

By  this  method,  therefore,  after  breaking  any  plain  rectangnkr  lar 
of  uniform  section,  multiply  half  the  breaking  load  in  pounds  bj  the 
deflection  in  inches,  and  divide  the  product  by  the  weight  of  the  kr 
in  pounds.  The  result  varies  from  10  for  the  worst  irons  to  75  ftr 
the  best  A  result  of  25  corresponds  to  the  grade  used  for  gas  aad 
water  pipes,  40  to  50  to  the  better  grades  of  machine  caatingw,  aad 
stove  irons  give  a  result  of  50  to  70. 

The  author  has  designed  a  simple  apparatus  which  uses  an  otHauj 
platform  scales  for  making  the  required  testa.  The  bar  is  supported 
at  its  ends  on  knife-edges  carried  by  tripods.  One  tripod  is  placed  « 
the  platform  of  a  weighing  machine  registering  up  to  2000  Ibi.  Hi 
load  is  applied  at  the  centre  of  the  bar  by  a  hand  wheel  and  mxtiv, 
which  works  in  a  standard  on  the  trolley  carrying  the  appsnte 
Uprights  spring  from  each  tripod,  and  carry  a  horicontal  rafaeiee 
bar  with  micrometer  screw  in  the  centre.  The  micrometer  is  adjmted 
to  measure  the  distance  through  which  the  power  screw  moves  down- 
wards to  the  nearest  thousandth  of  an  inch,  that  is,  to  meason  the 
deflection,  and  half  the  breaking  strain  is  read  directly  from  the  brer 
of  the  weighing  machine,  provided  the  breaking  strain  ia  put  on  (he 
centre  of  the  bar. 


I 
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Iron  Manafactnre  in  Central  Afirioa. — ^Aocoiding  to  Mr.  F.  & 

Amot/  the  iron  trade  caste  in  the  Garenganze  tribe  are  very  exfoi 
in  working  iron.  The  ore  is  smelted  in  open  trenches  filled  with  iron 
ore  and  charcoal,  and  covered  with  soft  mad.  Openings  are  left  aft 
both  ends ;  the  fire  is  lit  at  one  end  and  blast  produced  bj  bellov& 
The  iron  is  manufactured  into  hoes,  axeheads,  spears^  knires,  ehiins, 
and  bullets. 

*  Iran  and  Steel  Trade*  Journal,  toL  xxxiz.  p.  240. 
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Experiments  with  a  steam-hammer  on  lead  ingots  w^hing  3  Ik. 
and  containing  30*73  cubic  inches,  gave : — 


No.  of  Blowi. 

Length  in 
luchea. 

Mean  Diameter 
in  luchea. 

Stroke  of 

Hammer  in 

Inebea. 

Inch  Poanda 
Deraloped. 

Vimmitfm 
Sqaanbck. 

1 
2 
3 

4 
5 

2 
11 

i 

3-64 
4-38 
5-22 
5-93 
6-50 

19 

19J 

20/^ 

20| 

20| 

166,180 
161,817 
164,660 
166,465 
167,482 

20,553 
20,798 
20,798 
31«601 
44,388 

Compression  of  similar  billet  in  a  wheel  press  to  show  tho  adaon  of 
hydraulic  pressure  in  making  the  same  defonnation  as  each  haomur 
blow  had  produced  : — 


Length  in 
Incuos. 

Sectional  Area. 

Gauge  Pressure 
in  PuunHs  t>er 
Square  Inck. 

Total  Pressure 

Mean  Dtemetor 
ia  Inches. 

SqusnlS 
Lhi. 

2 
1 

3 
i 

10-8 

15-71 

21-6 

28-8 

34-56 

1000 
1600 
2500 
4100 
5000 

63,617 
101,787 
150,042 
260,330 
318,085 

8-71 
4-47 
6-26 
6-06 
6-63 

6890 

6415 
788S 

8056 
9200 

The  frictional  resistances  to  extension  become  greater  in  the  litter 
case,  but  at  no  time  is  the  pressure  greater  than  one-third  the  calcolited 
result  of  the  hammer  blows.  A  similar  result  was  found  with  hot  stad 
and  iron  in  a  mould ;  6000  lbs.  pressure  was'  required  to  cause  the 
metal  to  fill  the  mould,  and  16,000  lbs.  to  insure  the  sharp  comers 
being  quite  filled. 

The  forging  machine  can  work  as  rapidly  as  the  hammer.  Baju'd 
compression  at  one  stroke  may  be  permitted  in  compressing  ingots  for 
tire  making,  an  effect  impossible  to  attain  with  the  hammer.  The 
power  press  is  self-contained,  and  will  not  be  broken  with  sadden 
shocks,  whilst  even  small  hammers  must  be  separate  from  the  anyik 


Drop  Press. — A  new  drop  power  forging  press  has  be«i 
constructed  by  the  K  W.  Bliss  Company,  of  Brooklyn.  The  principal 
feature  of  the  machine  is  the  peculiar  shape  of  the  hammer,  which  is 
essentially  a  steel  billet  placed  on  end  and  hammered  out  at  the  bottom 
to  give  proper  support  to  the  die.     This  construction  concentrates  the 
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Pneumatic  Monldixiif  Machine. — A  new  pneumatic  metkod  of 

moulding  has  been  described  bj  Mr.  G.  Richards.*  In  the  first 
moulding  machines  the  sand  was  rammed  or  pressed  by  a  flat  plate, 
and  next  the  pattern  was  mechanically  withdrawn  after  the  mould 
was  made.  Subsequently  these  methods  were  combined,  and  marhiwa 
were  made  with  flat  pressers  and  withdrawable  moulda  The  chief 
difficulty  in  these  machines  is  to  ram  the  sand  uniformly,  and  ezpeii- 
ments  were  made  with  divided  presser  plates,  and  afterwards  india- 
rubber  bags,  into  which  air  could  be  admitted,  were  tried.  TheBe 
succeeded  admirably,  and  the  machine  was  speedily  developed  into 
one  with  a  rotary  head.  The  machine  has  two  heads  swivelling  on 
one  of  the  pillars  of  the  machine ;  the  pattern  is  raised  and  lowered 
by  levers  which  can  be  locked  in  position.  While  one  head  is  being 
rammed  up,  the  box  on  the  other  is  brought  under  the  sand  hoppcL 
The  pressing  head  contains  the  required  number  of  pressing  bags,  to 
which  air  is  admitted  at  50  lbs.  pressure.  In  working  the  machine^ 
five  men  each  are  employed,  and  forty  to  fifty  boxes  per  hour  of  ezeen- 
tric  clips,  8  to  12  inches  diameter  and  2  inches  deep,  were  produced  in 
one  trial,  and  other  trials  were  also  given.  The  total  cost  of  a  16-inch 
machine,  sand  conveying  apparatus,  and  boxes,  is  stated  to  be  £350, 
and  the  cost  of  production  3  pence  per  box. 

*  Paper  read  before  the  Mnncliester  Association  of  Eugineers,  October  26. 
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important  feature  being  that  the  whole  of  the  train  and  tables  is  com- 
manded by  a  10-ton  overhead  travelling  crane. 

In  1888  the  Rothe  Erde  Works  produced  141,486  tons  of  hum 
ingots,  and  11,746  tons  of  puddled  blooms.  The  rolling  miU  timied 
out  152,254  metric  tons  of  merchantable  goods,  and  1150  tons  of  drawn 
wire  and  wire  nails.  The  pig  iron  consumed  amounted  to  185,913 
tons,  the  consumption  of  coal  being  98,529  tons,  of  coke  19,205  (on^ 
of  lime  26,519  tons,  and  of  limestone  3882  tons.  About  2300  woik- 
people  were  employed ;  the  sum  paid  as  wages  was  JCI  10,533.* 

*  Inm'Affe,  roL  slir.  p. '.190. 
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"wires,  and  the  angle  of  twist  of  each  lajer  is  different  from  that  of  inj 
other  layer. 

It  is  evident  that  the  welding  of  a  cable  of  this  form  is  a  matter  of 
aome  difficulty.     The  following  conditions  had  to  be  met : — 1.  It  wu 
necessary  to  provide  means  for  preventing  the    separate  wires  from 
fraying  outwards  when  the  longitudinal  pressure  used  in  the  welding 
was(  applied.     2.  It  was  necessary  that  the  cable  should  be  gripped  in 
such  a  manner  as  to  prevent  sliding  movements  of  the  wires  with  rdi- 
tion  to  each  other.     3.  An  unusual  preparation  of  the  ends  had  to 
be  made  in  order  to  accomplish,  at  least  approximately,  the  sepan^ 
welding  of  the  wires  composing  the  cable,  so  that  in  bending  around 
a  sheave  the  load  strains  might  be  distributed  at  this  point  in  the  bum 
manner  as  at  any  other  point.    4.  It  was  necessaiy  to  have  the  endi 
of  the  wires  at  one  terminal  as  nearly  as  possible  in  line  with  the  €od» 
.of  those  in  the  other  terminal.     In  ord^r  to  prevent  the  fraying  and 
expanding  actions  above  mentioned,  it  is  found  necessary  to  shrink 
mild  steel  or  iron  sleeves  or  collars  tightly  upon  the  cable  dose  to  the 
ends  (about  ^^  inch  therefrom),  and  this  arrangement  is  found  effectiTO 
in  preventing  the  wires  from  sliding  over  each  other  when  the  pm- 
sure  is  applied  in  welding ;  but  it  also  prevents  the  separate  welding 
of  the  wires   forming  the   cable,  a  difficulty  overcome   by  spedsl 
preparation   of  the  ends  of  the  cable — by   cutting  grooves  between 
the  ends  of  the  contiguous  layers  of  wires,  forming  thereby  a  series 
of  concentric  circular  grooves.     This  permits  of  a  definite  amount 
of  "  upset "  of  softened  metal  at  the  end  of  each  wire,  which  most  be 
allowed  for,  it  being  caused  by  the  endwise  pressure  used  in  forcing 
the  pieces  together  when   the  welding  temperature  is  reached,  and 
permitting  also  the  welding  together  of  the  wires  forming  the  cable. 
The  ends  of  the  separate  wires  can  be  brought  exactly  opposite  each 
other  by  the  exercise  of  ordinary  care  upon  the  jmrt  of  the  operator 
of  the  machine. 

Experiments  made  with  a  view  to  determine  the  tensile  strength 
of  the  welds  produced,  showed  that  the  maximum  tensile  strength  of 
the  cable  was  G7,000  lbs.  per  square  inch  before  annealiug,  and  abont 
50,500  lbs.  after  heating  to  a  temperature  slightly  below  a  welding 
heat,  and  then  allowing  the  metal  to  cool  slowly.  The  tensile  strength 
of  the  welded  cable  averaged  over  50,000  lbs.,  some  specimens  resisting 
a  stress  of  as  much  as  53,000  or  54,000  lbs.  per  square  inch  The 
ratio  of  elastic  limit  to  ultimate  tensile  sirength  is  about  the  same 
in  unwelded  as  in  welded  specimons.     Severe  bending  and  twisting 
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bat  little  power  is  here  lost^  the  wear  is  exceedingly  small,  and  the 
remarkable  rapidity  above-mentioned  is  made  possible.* 

XJniyersal  Milling  Machine. — The  Iran  Age  t  publishes  detailed 
illustrations  of  a  universal  and  automatic  milling  machine,  designed  bj 
L.  H.  Nash.  It  was  specially  intended  for  the  purpose  of  catting  the 
gears  and  pinions  used  in  a  water-meter,  a  work  in  which  consideraUe 
accuracy  was  necessary.  The  machine  described  has  cut  over  100^000 
gears  a  year  for  over  seven  years,  and  the  repairs  have  been  bat  tlighi 

A  number  of  universal  milling  machine  attachments  are  also  described 
and  illustrated.^ 

Pipe  Cutting  and  Threading  Machine — A  new  machine  of 

this  class,  manufactured  at  Bridgeport,  Connecticut^  is  arranged  to  eat 
off  and  thread  all  sizes  of  wrought  iron  pipe,  from  2^  to  12  inchei  in 
diameter.  The  die-carrying  gear  is  supported  in  a  casing  with  the 
pinion  embedded  in  its  side.  On  the  back  of  the  gear  is  placed  a  lead 
screw  of  the  same  number  of  threads  to  the  inch  as  the  pipe  to  be  cot, 
which  engages  with  the  brass  lead  blocks  on  the  sides  of  the  shell,  and 
which  work  out  or  in  by  eccentrics.  Thus  as  the  gear  revolves  in 
the  shell  it  is  drawn  into  it  by  the  lead  screw,  and  the  dies  m 
brought  on  to  the  pipe.  The  description  is  accompanied  by  an  illus- 
tration showing  the  general  arrangement  of  the  machine.§ 

A  similar  machine,  manufactured  at  Stw  Louis,  .Montana^  ii  lo 
arranged  that  the  dies  throw  open  far  enough  to  allow  the  pipe  to  put 
through  to  the  cutting-off  tool  without  opening  the  die  head  or  sliding 
it  on  one  side.  The  machine  is  supplied  with  the  Peerless  die  head, 
reversed  so  as  to  place  the  dies  next  to  the  gripping  chuck.  This 
latter  is  of  great  strength,  and  has  three  independent  jaws  which  are 
graduated  to  the  dilTerent  sizes  of  pipe.|| 

•  Riveting  Machines. — Two  forms  of  riveting  machines  are  ilhs- 
trated  in  the  Iron  Age,S\  They  are  of  American  construction.  One  if 
an  elastic  rotary  blow  machine  in  which  the  hammer  rod,  suspended  bj 
springs  and  confined  air  within  the  cylinder,  partakes  of  its  reciproci- 
ting  motion,  and  produces  a  sharp,  quick  blow.     Both  hands  of  the 

'  "•  Iron  Afff,  vol.  xlix.  p.  24*2,  with  detailed  drawings, 
f  Vol.  xliii.  p.  501,  3  illustratioiis.  t  Iron  Afff,  toI.  zliii.  p.  ^8^  6  Ulostnitioot- 

§  Ihiil.,  vol.  xliii.  p.  951.  ||  Ibid.,  vol.  xliv.  p.  48,  1  illuatration. 

%  Vol.  xliii.  p.  313. 
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Nails  firom  Tin  Scrap. — Nails  made  by  pressure  from  tin  wBOf 
were  first  invented  by  Mr.  G.  H.  Parker,  and  Mr.  O.  Smith,*  whobM 
been  associated  with  him,  describes  the  development  of  the  manofaD' 
ture.  In  the  first  attempt,  approximately  rectangalar  blanki  wi 
corrugated,  and  then  the  corrugations  crashed  together,  the  hesdbg 
being  performed  in  a  separate  machine.  One  machine  was  thea 
devised  to  perform  all  these  operations  automatically,  bat  it  wis  foond 
that  there  was  a  tendency  to  split  in  the  tightly  folded  comgatiou 
It  was  then  found  l>etter  to  crush  up  the  blanks  edgewise  into  soy 
form  they  chose  to  assume,  and  in  the  latest  machine  irregular  scnp 
can  be  fed  by  the  operator,  and  the  finished  nails  antomatically 
delivered  at  the  rate  of  thirty  to  ninety  nails  per  minatei  It  was  aks 
attempted  to  coil  the  blank,  but  this  is  too  expensive.  The  beit 
form  has  a  square  taper  shank,  similar  to  a  cut  nail.  The  naik  do  not 
rust  much,  and  will  take  solder. 

Horse-Shoe  Nail  Iron. — H.  Wedding  t  shows  that  the  ingot  iron 
from  the  Peine  Works  is  as  well  adapted  for  the  manufacture  of  hone* 
shoe  nails  as  is  Swedish  charcoal  iron. 

Rail  Sections. — Tho  ability  of  a  rail  to  resist  all  strains  to  whidi 
it  is  subjected,  depends  quite  as  much  on  the  character  of  the  metal  ai 
on  the  form  of  the  section.  Consequently,  in  designing  the  section, 
ample  allowance  must  be  made  for  the  varying  qualities  of  the  materisL 
Mr.  li.  W.  Hunt  t  returns  to  this  subject,  and  again  points  out  tlie 
pernicious  eifect  of  rolling  at  high  temperatures.  Earlier  rails  cer- 
tainly did  not  owe  their  excellent  wearing  capabilities  to  their  compo- 
sition, as  the  carbon  varied  from  0*24  to  0*70  per  cent^,  silicon  from 
0032  to  0-306,  phosphorus  from  0*077  to  0*156,  and  sulphur  from 
0  050  to  0*181  per  cent,  in  some  that  the  author  examined. 

The  great  increase  in  the  load  on  the  wheel  flanges  caUs  for  a 
broader  head  on  the  rail,  and  a  heavier  section  generally,  but,  at  the 
same  time,  the  railroad  engineer  tries  to  secure  this  with  the  smallest 
outlay.  The  New  York  Central  and  Hudson  Kiver  Sailroad  are 
relaying  the  whole  Hudson  Kiver  section  with  the  Dudley  rail  of 
80  lbs.  per  yard.  The  author's  proposed  sections  have,  however, 
departed  from  this  design  and  approximate  to  that  in  use  on  the 

*  Transactions  of  the  American  Institute  ofMiniwj  Engin^n,  toL  xriL  ppw  49&-^ 

t  Verhflndlungen  des  Vereins  zur  Bef6rderung  des  Oewerb^istes,  1889,  p.  90. 

t  Tr'y>^*eirfions  of  the  American  Institute  of  Mining  Engineers^  voL  xrii.  ppw  778-785. 
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Chemical  Compoftition. 


C.    '  Mn.  ',   SL 


P. 


Temilo 
Strength. 


Tonn  per  8q. 
Inch. 


00340-055     ^-4>28« 


Sheets  and  augles  ,0183  0*480  0-020 
,  "^tf  {  Fr^ed  }  0-350  0.6000-2500-4300-075  {  ^f^-^  }       ..         |  {  1?!^   }   - 


Elastie 
Limit. 


Tonapor  Sq. 
Inch. 


\ 
EbBntkmpc;  ' 


OnT-STiOnS^ 
Inches    laOm. 


14-6-17-1I    23-331    27-4« 
(   9-24 
UO-22 


malleable  Iron  and  Steel  Eye-Bars.— Mr.  C.  Gayler,  in  a  paper 

recently  read  before  the  St.  Louis  Engineers,  United  States,  pointed 
out  that  steel  is  very  rapidly  replacing  iron  in  the  manufactore  of 
eje-bars.  Very  small  percentages  of  phosphoms,  howeyer,  appear  to 
render  steel  useless  for  the  purpose,  and  bridge  companies  have  found 
it  necessary  to  limit  the  possible  percentage  to  0*04 ;  the  percentage  of 
carbon  should  be  from  01  to  0*2.  The  steel  used  for  eye-bars  in  the 
construction  of  the  Grand  Avenue  Viaduct,  St.  Louis,  is  Bessemer 
metal  containing  from  0*13  to  0*16  per  cent,  of  carbon,  and  from  0'03 
to  0-06  per  cent,  of  phosphorus.  The  tensile  strength  of  this  metal 
was  from  62,000  to  70,000  lbs.  per  square  inch,  with  an  elastic  limit 
of  32,000  lbs.  The  minimum  elongation  was  18  per  cent.,  and  the 
5 -inch  bar  had  to  bend  180°  around  its  own  diameter  without  crack- 
ing. In  the  manufacture  of  the  eyes,  the  excess  of  material  across  the 
eye  over  the  bar  was  40  per  cent. 

Chain  Cable. — M.  Meurgey*  has  published  a  report  by  M.  de 
Saint-Hilaire  on  a  new  form  of  chain  cable  invented  by  M.  Delage. 
The  cable  consists  of  a  number  of  wire  helices  threaded  into  each  other 
corkscrew  fashion  with  a  screw  bolt  passed  between  each  pair  of 
helices  at  their  intersection.  The  bolt  heads  and  nuts  lie  alternately 
on  opposite  sides  of  the  cable,  and  the  ends  of  the  helices  are  secured 
to  the  bolts.  Each  helix  is  somewhat  flattened  to  give  an  oval  section, 
and  each  turn  in  the  helix  bears  on  the  bolt  at  both  ends  and  takes  up 
its  share  of  the  strain. 

A  chain  with  seventeen  turns  in  each  helix,  made  of  wire  Xos.  20, 
21,  or  22  (French),  has  a  thickness  of  9*84  inches,  with  52  helices  to 
the  yard.  Taking  the  tensile  strength  of  the  wire  as  38  tons  per  square 
inch,  chains  made  of  the  above  sections  of  wire  will  support  55,000, 
70.000,  and  88,000  lbs.  respectively.      Some  results  of  tests  givea 


Rendut  Mentuelt  de  la  SocieU  de  I' Industrie  Min^ralt,  1389,  pp.  70-79. 
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later  by  M.  Buisson  *  show,  however,  that  the  breaking  strain  is  only 
48,280,  59,083,  and  66,799  lbs.  respectively,  a  result  much  inferior 
weight  for  weight  to  that  of  wire  and  other  ropes. 

The  report  then  deals  with  the  adaptability  of  this  form  of  chain  for 
coal-mining  purposes.  Eopes  of  vegetable  fibres  are  stiff  and  heavy, 
wire  ropes  are  also  very  stiff.  Chains  will  wind  round  a  small  drum, 
bat  are  clumsy,  likely  to  break  in  a  badly  welded  link,  and  liable  to 
crystallisation.  The  form  of  chain  under  consideration,  however,  will 
bend  as  easily  as  an  ordinary  chain,  and  at  the  same  time  each  link  is 
composed  of  several  turns,  so  that  it  can  yield  somewhat,  and  one  turn 
may  even  be  broken  without  the  whole  link  giving  way.  Besides  this 
the  chain  is  not  liable  to  crystallisation,  may  easily  be  examined,  and 
may  be  made  of  any  quality  of  wire. 

The  weight  of  the  chain  is  its  most  serious  objection,  but  this  might 
be  reduced  by  flattening  the  helices  still  more,  by  using  hollow  bolts, 
and  by  using  a  thinner  wire. 

*  Comptes  Rendui  Mensuels  de  la  SocUU  dc  I'Induttrie  MirUrale,  1889,  p.  92. 
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Hjrsteresis  in  the  Relation  of  Strain  to  Stress.— When  iioo 

wire  IB  subjected  to  the  alternate  application  and  remoTal  of  strm 
certain  of  its  qualities  exhibit  hysteresis  or  lagging  in  responding  to 
the  charge  of  stress.  This  lag  varies  from  point  to  point  in  a  cjcle^ 
as  is  shown  bj  Prof.  J.  A.  Ewing.*  Similar  changes  have  been  shown 
to  exist  in  the  magnetic  and  thermo-electric  properties.  Expeiimenti 
were  made  by  loading  and  unloading  a  long  wire,  and  observing  the 
facility  with  which  the  elongation  followed  the  load.  In  the  most 
successful  form  of  apparatus  a  long  wire  was  suspended  in  a  flue  to 
keep  it  as  nearly  as  possible  at  a  constant  temperature.  Two  other 
wires  were  suspended  near  by  to  form  a  fulcrum  for  a  mirror  attached 
to  the  first  wire  in  order  to  remove  as  far  as  possible  all  effects  of 
temperature.  Eeadings  could  be  taken  to  show  an  extension  of 
0-000,000,102  of  the  length  of  the  wire. 

The  wire  was  kept  stretched  by  a  constant  weighty  and  a  load  of  20 
kilogrammes  was  put  on  and  taken  o£f  several  times  at  varying  rates. 
When  the  operation  was  performed  as  quickly  as  possible  the  difference 
of  extension  between  the  point  at  which  10  kilogrammes  had  been  pot 
on,  and  the  point  at  which  10  kilogrammes  had  been  taken  off,  amounted 
to  0  00,000,357  of  the  length  of  the  wire,  equal  to  a  difference  of  66 
grammes  in  the  load.  The  hysteresis  appeared  to  be  permanent  nnder 
some  conditions,  as  an  interval  of  two  hours  did  not  affect  it,  but  it 
varied  according  to  the  rate  of  loading.  The  trial  mentioned  aboTe 
was  made  with  hard  drawn  iron  wire,  1  *08  millimetre  diameter ;  other 
experiments  were  made  with  mild  and  hard  steel  wires. 

The  experiments  show  that  under  certain  conditions  there  is  a  depar- 
ture from  Hookers  law,  one  effect  of  which  is  that  work  is  done  on  the 
material  when  it  is  put  through  a  cycle  of  stress  change.  The  results 
obviously  bear  on  the  conclusions  of  Wohler  with  regard  to  the  deterio- 
rating effect  of  repeated  variations  of  stress. 

*  Paper  read  before  the  British  ABsociation  Newcastle  meeting). 
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phosphorus,  0*08.  A  test  piece,  2  inches  long,  0*564  indi  in  diameter^ 
and  0*25  square  inch  area,  planed  out  of  a  tire  so  composed,  showed  en 
an  average  a  maximum  tensile  strength  of  37  tons  per  square  indi,  an 
elongation  of  26  per  cent.,  and  a  reduction  of  area  of  47  per  cent,  tin 
fracture  being  grey  and  granular  with  silky  edges,  and  the  shape  canio 
and  concave.  A  tire  of  this  material,  with  an  inside  diameter  of 
2  feet  8  inches,  and  a  sectional  area  of  11  inches,  showed  a  dellectkn 
of  6}  inches  under  a  weight  of  22  cwt.,  falling  12  feet^  and  while  it 
was  perfectly  adapted  to  fulfil  all  requirements,  it  was  proved  to  lie 
little  liable  to  molecular  change  under  sudden,  heavy,  and  repeitad 
shocks.  While  an  increased  proportion  of  carbon  would  increase  the 
tensile  strength,  it  wovdd  render  the  tire  liable  to  break  onder  the  fait 
ing  weight  test.  The  only  means,  therefore,  of  increasing  the  tenifle 
strength,  and  at  the  same  time  preserving  the  normal  deflection,  was  to 
increase  the  manganese.  Similar  tests  of  a  steel  practically  idential 
in  composition  with  that  given  above,  but  with  the  addition  of  0'5  pet 
cent,  of  manganese,  showed  that  the  tensile  strength  was  raised  from  37 
to  42  tons  per  square  inch;  the  elongation  reduced  from  26  to  18 per 
cent.,  and  the  reduction  of  area  decreased  from  48  to  26  per  cent, 
while  it  required  15^  foot- tons  additional  to  produce  equal  defledm 
But  a  tensile  strength  of  48  tons,  an  elongation  of  15  per  cent,  and  a 
deflection  of  2  inches  to  the  foot,  has  been  specified,  and  to  obtain  this 
})y  adding  manganese  would  require  2*5  per  cent,  of  that  element,  Ko 
steel-maker  would  risk  the  inevitable  brittleness  of  such  a  metalhirgicil 
deformity.  Hence,  chromium  is  resorted  to,  and  this,  added  in  smaD 
quantities,  raises  the  tensile  strength  in  a  remarkable  degree  without 
seriously  diminishing  ductility,  but  when  added  in  too  high  a  propor- 
tion it  induces  brittleness.  Tlie  results  of  tests  made  of  tire-sted 
containing  0*42  per  cent,  of  chix)mium,  and  1*54  per  cent,  of  manga- 
nese, showed  a  tensile  strength  of  49*8  tons  per  square  inch,  15  percent 
elongation,  and  26  per  cent,  reduction  of  area,  the  fracture  being  flat 
and  finely  crystalline,  and  the  falling  weight  showing  a  deflection  of 
nearly  12  inches  at  a  20- feet  fall.  But  tests  of  the  broken  tire  sho^ 
that  the  tensile  strength  was  47  '7  tons  per  square  inch,  the  elongation  3 
per  cent.,  and  the  reduction  of  area  6*4  per  cent.,  the  fracture  exhibi- 
ting large  crystals.  The  molecular  change  set  up  by  the  shock  and 
vibration  of  the  falling  weight  was  thus  most  clearly  indicated ;  an4 
although  it  was  possible  to  get  a  tensile  strength  of  50  tons  per  square 
inch,  together  with  great  strength  under  the  drop  test,  sudi  tires  were  veir 
uncertain.     Furtlier  tests  showed  that  the  effect  of  annealing  was  not 
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The  elongation  of  the  unhardened  bar  was  2*2  per  cent.,  and  dt  tin 
hardened  bar  10*0  per  cent.  Calculated  on  the  final  redoond  area,tk 
tensile  strength  of  the  hardened  bar  was  62*28  tons. 

Test  cylinders  each  approximately  0*39  inch  in  height,  and  the 
same  in  diameter,  were  then  weighted  with  a  load  of  32  tona  After 
having  been  submitted  to  this  stress,  it  was  found  that  the  nnhaidfiiri 
cylinder  was  reduced  in  height  from  0*39  inch  to  0*20  inch,  and  tint 
of  a  cylinder  hardened  in  oil  from  0*38  inch  to  0*23  inch;  a  omilir 
cylinder  which  had  been  hardened  in  water  was  reduced  in  height  firon 
0*41  inch  to  0  38  inch. 


Tensile  Tests  of  Hungarian  Basic  SteeL— A.  Gou^*  gives  tk 

following  results  of  tests  of  basic  open-hearth  steel  made  at  the  Beoea 
Steel  Works,  Hungary : — 


No. 

Percentage  ComjKwition. 

Tensile 
Strength. 

Elongatiou. 

Per  cent 
32 
29 
25 
28 

Rednction 

^• 

Si.               P. 

1 

Hn. 

Tons  per 
Square  Inch. 

ofArsa 

1 
o 

3 
4 

0-220 
0-177 
0-232 
0-191 

0-025        0-014     ' 
0-012         0-014 
0-0-23         0-011 
0-035        0011 

1 

0-350 
0115 
0-022 
0151 

2203 

21-78 
22-98 
20-00 

Percent 
72-0 
684 
70-8 
755 

The  results  of  a  numl^er  of  other  tests  are  also  given. 

Drifting  Tests. — Mr.  A.  C.  Cunningham  t  gives  the  results  of  a 
numl)er  of  drift  tests  of  steel.  In  one  case  a  plate  was  examined 
which  contained  0*073  per  cent,  of  phosphorus,  and  had  a  tendle 
strength  of  65,000  ll^s.  per  square  inch.  The  original  punched  hole 
was  of  /u^-inch  diameter,  and  the  centre  of  the  hole  was  1  inch  from 
the  rolled  edge  and  4  inches  from  the  sheared  end.  After  drifting 
to  1 1 -inch  diameter,  an  increase  of  245  per  cent.,  a  hole  of  the  same 
size  as  the  original  one  was  punched  at  the  side  of  the  drifted  hok 
Two  other  tests  made  with  a  plate  containing  0  006  per  cent,  of  j^oe- 
phonis,  and  having  a  tensile  strength  of  46,000  lbs.  to  the  square  inch, 
showed  still  more  favourable  results. 

Successful  drifts,  the  author  states,  become  the  more  difficult  to 


*  Stakl  uiid  EUeiif  vol.  ix.  p.  401. 

t  Tfic  Engineering  Ncm,  through  Iron  Age,  vol.  xliv.  p.  43. 
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Steel  for  Oan-Barrels. — Mr.  B.  W.  Hunt  *  observes  that  stedfor 
gun-barrels  must  be  low  in  manganese,  as  when  much  is  present  tiift 
steel  throws  a  long  chip  before  the  drilling  tooL  A  verj  satisfsctaiy 
metal  had  the  following  composition  :— 


Carbon.  Silicon.  Fhofphorus.  Snlphnr. 

0-290  0212  0*048  0*065  0'370 

Manganese  is  further  deleterious  in  that  it  strongly  affects  the  hardeih 
ing  properties  of  steel,  giving  rise  to  the  formation  of  watereracka 


An  Automatic  Testing  Machine. — ^The  Iron  Agef  illustrateB  tbe 
latest  form  of  testing  machine  constructed  by  Messrs.  Tinius  Olsen,  of 
Philadelphia.  One  end  of  the  test  piece  is  attached  to  the  apper  ^tte 
of  the  machine  and  the  other  end  to  the  lower  plate.  The  lower  plito 
or  cross-head  is  secured  to  four  straining-screws  which  pass  through 
holes  at  the  carriers  of  the  weighing  platform  of  the  machine^  throng 
openings  in  the  levers  and  bed-plate,  and  enter  the  driTing-nots 
situated  below  the  latter.  Feathers  fitting  into  longitudinal  slots  cot 
through  the  threads  of  the  screws  prevent  them  from  taming,  and  thej 
therefore  either  rise  or  fall  and  caiTy  the  lower  plate  with  them  as  the 
nuts  are  rotated.  These  nuts  are  operated  through  bevel  gearing  bj 
outside  spur  gearing  and  a  counter-shaft.  The  counter-shaft  is  pro- 
vided with  double  cone  and  friction  pulleys,  admitting  of  six  downwud 
or  pulling  speeds  and  two  upward  speeds. 

For  tensile  tests  the  ends  of  the  specimen  are  secured  to  the  pistes 
by  steel  wedges  which  enter  rectangular  openings  cut  through  the 
centres  of  the  plates.  Interposed  in  the  space  between  the  wedges 
pro})cr  and  the  plate  are  spherical  surface  bearings  by  which  the  wedges 
are  adjusted  to  the  specimen,  and  the  specimen  is  adjusted  centrally  and 
on  a  parallel  line  to  the  line  of  gi*eatest  stress,  and  a  straight  puU  secured. 

The  weighing  apparatus  consists  of  the  main  levers  upon  which  the 
platform  rests,  three  in  number,  so  constructed  as  to  act  as  a  single 
lever,  and  supporting  the  platform  upon  which  rest  the  columns  which 
cany  the  upper  plate  or  cross-head.  As  one  end  of  the  specimen  is 
secured  in  the  upper  cross-head  any  stress  imparted  to  the  specimen  hj 
the  lower  straiuiiig-head  will  be  communicated  through  the  oolamns 
and  platform  to  the  levers.  The  stress  on  the  main  lever  is  through  an 
intermediate  lever  connected  to  the  beam,  where  the  amount  is  balanced 
and  thus  registered.  The  stresses  are  automatically  balanced  on  the 
beam,  this  being  accomplished  by  a  coarse-thread  screw  placed  on  the 
top  of  the  beam,  the  sliding  weight  being  moved  by  this  screw.    At 

♦  Journal  of  the  Franklin  Imtituie,  voL  oxxviL  p.  375t 
t  Vol.  x\V\\.  V.  ^V)\3,*i*\\\>3a\.t^\;\-OTL<k. 
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Effect  of  Manganese  on  OhilL — Some  recent  experiments*  htT« 
been  made  on  the  effect  of  manganese  on  cbilL  Starting  with  1  Ibi  of 
manganese  to  the  ladle  capable  of  pouring  a  550-lb.  wheel,  the  addition 
was  increased  at  ^  lb.  a  tima  Up  to  7^  Iba  there  was  no  appreci- 
able effect,  but  from  this  point  up  to  10  lbs.  the  depth  of  dull  inoresMd 
from  a  trifle  over  half  an  inch  to  three-quarters  of  an  inch.  The  prin- 
cipal peculiarity  noticed  throughout  was  the  fibrous  extensions  of  tiie 
chill  down  into  the  grey  iron,  whereas  the  inner  edge  was  straight  when 
no  mangi^ese  was  used. 

The  Rusting  of  Bails  in  Tunnels.— Mr.  Thomer  t  has  analysed 
a  large  number  of  samples  of  rust  taken  from  the  surfaces  of  rails  laid 
in  tunnels.  The  author  finds  that  sulphuric  acid  is  always  present  in 
considerable  quantities,  and  he  shows  that  the  gases  escaping  from 
locomotives,  besides  containing  sulphurous  anhydride,  contain  unex- 
pectedly large  quantities  of  sulphuric  acid,  and  that  it  is  to  this  caoae 
that  the  undue  rate  of  oxidation  of  ironwork  in  railway  tunnels  is  doe. 
The  author  further  finds  that  those  parts  of  the  ironwork  which  are 
kept  wet  by  dropping  water  are  less  oxidised  than  other  parts  which 
are  not  subject  to  this  action. 

Bessemer  Steel. — In  an  address  delivered  before  the  Franklin 
Institute,  Philadelphia,  Mr.  R  W.  Hunt  gave  the  following  results  of 
analyses  of  various  articles  made  of  Bessemer  steel : — 

*  National  Locomotive  and  Car  Builder,  through  American  Afanufadurer,  toL  xh. 
No.  7. 
t  Stahl  und  Exitn,  vol.  ix.  pp.  821-836. 
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Steel  for 


1.  Planters*  hoes  . 

2.  Scarf  steel 

3.  Circles  and  plangers  for  rifles 

4.  Machine  screws 

5.  Hoes         .... 

6.  Pitchforks  and  large  forks 

7.  Planters'  hoes  . 
S.  QooseDCck  hoes 

9.  Spring  steel,  Jenks*  English 

10.  Spring  steel,  Jenks*  English 

11.  Spring  steel.  Graves'  Swedish 

12.  Spring  steel.  Graves'  Swedish 
IS.  Spring  steel 

14.  Hatchets  .        .        .    '    . 

15.  Swords      .... 

16.  Scythes  (German  steel)    . 

17.  Cutlery,  knife  . 
la  Fork 

19.  Cutlery 

20.  Tool 

21.  Tool 

22.  Tool 

23.  Tool 


Carbon. 


076 
0-52 
0*66 
0-46 
0-61 
0-63 
0-52 
0  53 
0-64 
0-62 
0-63 
076 
0  65 
070 
0*64 
0  63 
0-61 
0-49 
0-61 
0-88 
0-85 
0-85 
0-86 


Silicon. 


0185 
0150 
0171 
0*228 
0-168 
0-241 
0150 
0*249 
0145 
0150 
0.110 
0-840 
0185 
0-270 
0-258 
0127 
0180 
0*335 
0-210 
0-220 
0*204 
0190 
0-216 


Phosphorus.      Manganese. 


0-059 
0-068 
0-057 

e-im 

0*073 
0-043 
0*040 
0*088 
0*060 
0  030 
0*018 
0102 
0041 
0017 
0-066 
0*029 
0*030 
0-046 
0*023 
0-022 
0^>22 
0-030 


0*441 
0-406 
0*416 
0*316 
0-445 
0  610 
0*376 
0*413 

0*030 

0  085 

0*195 
0*468 
0*212 
0*265 
0-444 
0-402 
0-140 
trace 
0-174 
0001 


No.  1  and  2,  Lane,  Gale  k  Co.  ;  3.  Providence  Tool  Company ;  4.  Hartford  Machine 
Company  ;  5  and  6.  Huntly  k  Babcock,  Utica,  New  York ;  7  and  8.  Beming^n  ;  13. 
Naylor's,  Bridgeport,  Connecticut ;  14.  Johnsville  Axle  Works  ;  15.  Ames  k  Ca  ;  16. 
Stock  used  by  A.  S.  Millard ;  17  and  18.  Landers,  Frary  k  Clark,  New  Britain,  Con- 
necticut ;  19,  20,  21,  and  23  made  by  Park  Brothers  ;  22.  Frith's  English. 

Thermo-CIieniistry. — In  discussing  the  paper  read  by  Mr.  A. 
Pourcel  before  the  Iron  and  Steel  Institute,  Professor  Ledebur  *  points 
oat  the  great  importance  of  the  question  of  thermo  -  chemistry. 
Before,  however,  any  accurate  calculation  can  be  made,  it  will  be 
necessary  to  determine  definitely  in  what  state  of  combination  the 
various  substances  exist  which  occur  in  a  bath  of  molten  iron,  and 
what  are  the  real  products  of  the  combustion  of  such  impurities. 
Now,  neither  the  one  nor  the  other  of  these  points  is  in  any  way 
settled.  Further,  the  influence  of  mass  and  temperature  in  determin- 
ing the  reactions  must  not  be  overlooked. 


•  Stahl  und  Eisen,  voL  ix.  pp.  712-717. 
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I.  Analysis  of  Iron  and  Steel 473 

II.  Analysis  of  Iron  Ores  and  Slag .  40 

UI.  Fuel  Analysis 486 


L— ANALYSIS  OF  IRON  AND  STEEL. 
Sampling  of  Materials  Used  and  Produced  in  the  Maim* 

factore  of  Iron  and  SteeL — The  proper  sampling  of  matexiab  is  % 
matter  of  great  importance,  for  on  it  depends  the  value  of  an  ore,  of  a 
mining  property,  the  correctness  of  the  charges  for  the  blast  furnace, 
and  much  else  besides.  Some  rules  for  proper  sampling  are  given  by 
Mr.  G.  L.  Luetcher.* 

Ore. — The  sample  of  ore  from  cargoes,  trucks,  or  mines  should  repre- 
sent both  the  dry  and  the  wet  condition  with  all  impurities.  Moistare 
(9in  best  be  determined  from  a  sample  taken  from  holes  in  the  ore  2 
feet  deep,  or  after  it  is  tipped  in  the  case  of  mined  ore.  Everything 
should  be  taken  as  it  comes,  and  about  200  lbs.  dried  in  a  shallow  iron 
box  over  the  boilers  for  about  ten  hours.  Up  to  a  ton  may  be  taken  if 
the  ore  can  be  worked  up  in  a  grinding  pan,  and  of  this  about  200  lbs. 
hhould  be  taken  as  representative. 

Ore  in  Mines. — Each  heading  should  be  sampled  and  analysed  sepft- 
rately,  or  else  a  proper  proportion  should  be  taken  from  each  heading 
or  working  place.  A  heading  may  be  sampled  by  dividing  the  hoe 
into  square  feet  and  taking  an  equal  amount  from  the  centre  of  each 
square.  If  the  vein  or  seam  lies  in  uniform  strips,  then  a  transverse 
section  should  be  taken.  Ores  of  different  character  should  be  sampled 
separately.  In  sampling  the  ^'  nm  of  the  mine,"  equal  quantities  of 
coarse  and  fine  should  be  taken  from  each  car. 

•  American  Manufacturer,  roL  xlr.  No.  8w 
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There  seems  to  be  no  evidence  of  the  formation  of  any  piecipitate 
of  ammonium  silico-molybdata  If  the  separation  of  eilioa  is  omitted, 
much  time  is  saved  by  using  the  proceBS  adopted  in  the  laboimtoiy  of 
the  Massachusetts  Institute  of  Technology^  About  1*5  giamme  of 
pig  iron  is  dissolved  in  60  cubic  centimetres  of  nitric  ^add  of  1'135 
specific  gravity  by  heating  on  an  iron  plate.  The  solution  is  effected 
in  about  three  minutes,  and  is  filtered  from  the  graphite ;  to  the  boiliDg 


filtrate  there  is  added  15  cubic  centimetres  of  permanganate  soliitkm 
containing  5  grammes  of  salt  to  the  litre.  Boiling  is  continued  till 
the  pink  colour  has  disappeared,  and  a  small  quantity  of  tartaric  add 
is  added  to  dissolve  the  manganese  oxida  As  much  as  1  gnmmt 
of  tartaric  acid  will  not  affect  the  result,  but  about  O'l  gramme  onlj 
is  required.  To  the  solution  10  cubic  centimetres  of  strong  amimmk 
is  added,  and  it  is  then  cooled  to  about  90*  C.  before  the  additioo 
of  80  cubic  centimetres  of  molybdate  solution.  From  this  point  the 
method  of  reduction  by  zinc  and  titration  by  permanganate  is  foOoiredL 
By  the  old  method,  a  sample  of  pig  iron  containing  2*42  percent  of 
silicon  gave  0  284  per  cent,  of  phosphorus,  and  by  the  new  method  it 
gave  from  0*272  to  0*294,  or  by  averaging  twenty-two  ezpeiimeots 
0*285  per  cent.  In  order  to  attain  stiU  greater  rapidity  the  graphite 
need  not  be  filtered  oil.  Determinations  in  this  manner  gave  the 
following  results : — 


Phospboros. 


8il{con. 


Grey  forge  iron 
Bessemer  iron 
Foundry  pig  iron 
Bessemer  steel 


Per  cent. 
0*63 
M8 
2-29 


By  the  Old 
Method. 


Per  oeut. 

0  632-0*635 

0*084-0*087 

0*334-0*830 

0*061 


Bt  the  New 

Method  wtthoot 

Filtering  fhn 

Omphite. 


PereeDt. 
0-620-0-645 
0*083-0*086 
0*322-0*384 
0-060-0-064 


Determination  of  Silicon. — For  determining  silicon  in  steely  Mr. 
C.  Jones '"'  uses  Dr.  B.  Drown's  method  with  rapid  evaporation.  Hie 
solution  is  placed  in  a  platinum  dish  heated  by  two  flames,  one  below,  and 
the  other  directed  on  to  the  surface  of  the  liquid.  It  is  found  that  ^ 
cubic  centimetres  of  nitro-sulphuric  acid  is  evaporated  in  three  minutes, 
and  the  salts  are  left  as  a  thick  pasty  mass  which  can  be  at  ooce 

*  Journal  of  Analytical  Chtmittry^  toL  ill.  p.  121. 
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I.— UNITED  KINGDOM. 

Iron  0r6. — The  production  of  stratified  ironstone  from  coal  mineft 
in  the  United  Kingdom  during  1888  amounted,  according  to  the  official 
statistics/  to  8,635,032  tons,  valued  at  £1,838,844.  The  amount  of 
metal  obtainable  from  this  ore  is  2,590,510  tons.  The  amount  of  iron 
ore  raised  was  2,937,253  tons,  valued  at  £1,317,021.  The  amooni 
of  iron  ore  obtained  from  open  works  was  3,018,428  tons,  valued  at 
£345,452.  The  total  production  of  all  classes  of  iron  ore  was  there- 
fore 14,590,713  tons,  valued  at  £3,501,317. 

Pig  Iron. — The  number  of  ironworks  in  operation  in  1888  amounted 
to  150.  There  were  836  blast  furnaces,  of  which  nnmber  424  were  in 
blast.  The  amount  of  pig  iron  made  was  7,998,969  tons,  and  in  its 
manufacture  there  was  used  19,152,074  tons  of  iron  ore,  and  16,131,267 
tons  of  coal. 

Iron  Trade  Statistics. — According  to  the  returns  made  to  the 
British  Iron  Trade  Association,  the  production  of  pig  iron  in  tbe 
United  Kingdom  during  the  first  half  of  1889  amounted  to  4,083,597 
tons,  being  an  increase  in  make  of  87,767  tons  as  compared  with  the 


•  «< 


"Mineral  Statiatics  of  the  United  Kingdom  for  the  Tear  1888.    Prepared hy  Her 
Hajeity'i  Inipecton  of  Minei."    London,  1889. 
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in  1888  the  output  reached  170,000,000  tons.  There  seems  reason 
for  believing  that  the  output  had  been  doubled  during  each  quarter  of 
a  century.  In  1860  the  author  calculated  that  there  was  sufficient  coal 
not  deeper  than  4000  feet,  to  last  for  1000  years  at  the  then  rateoC 
production.  Since  then  the  reserves  have  been  reduced  by  3,650,000,000 
tons,  an  amount  which,  though  great,  has  not  materiallj  affected  our 
coal  resources.  The  production  of  the  Sduth  Wales  coalfield  haA 
doubled  between  1854  and  1879,  and  amounted  to  27,355,000  tana  in 
1 888,  largely  owing  to  the  demand  for  steam  coal  in  the  Cardiff  district 
The  resources  of  this  basin  are  enormous,  and  the  Lancashire^  Cheshire, 
Yorkshire,  and  Nottingham  coalfields  are  highly  progressive,  as  are 
also  the  Northumberland  and  Durham  fields.  The  great  northern 
field,  notwithstanding  the  long  period  daring  which  it  has  been 
worked,  shows  no  signs  of  faUing  off. 

The  discovery  of  ironstone  in  the  Cleveland  district,  and  the  great 
exports  from  the  northern  ports,  have  given  a  vast  impetus  and  caused 
an  enormous  drain,  but  there  is  sufficient  coal  left  in  the  district  to 
produce  at  the  present  rate  for  three  centuries.  The  relation  of  Uie 
iron  deposits  in  the  North  Riding,  in  North  Lancashire  and  Cumber 
land,  was  then  considci^  in  relation  to  the  coal  production,  and  the 
different  coalfields  wei^  passed  in  review  to  show  which  were  pro- 
gressive, and  which  were  stationary  or  retrogressive.  Finally,  the 
author  was  of  opinion  that  the  enormous  output  has  not  seriouslj 
crippled  our  resources,  but  that  there  is  likely  to  be  a  general  rise  in 
the  value  of  coal  in  the  near  future,  owing  to  the  greater  depth  and 
increased  cost  of  mining.  Keference  was  made  to  coal  mining  in 
America,  and  the  author  agreed  with  Prof.  Jevons  that  we  cannot 
expect  an  importation  of  coal  from  the  United  States  when  our  own 
becomes  scarce.  In  the  discussion  which  followed  the  paper,  Mr. 
S.  Bourne  pointed  out  our  large  export  of  some  20,000,000  tons 
per  annum  as  a  serious  drain.  The  large  discoveries  in  various 
parts  of  the  world,  greater  facilities  in  transit,  more  extended  use  of 
petroleum  and  water  power,  would  all  help  the  present  reserves  to  hold 
out. — Mr.  J.  Morley  thought  that  the  author  had  not  taken  thin 
seams  into  sufiicient  consideration  in  his  estimates,  and  pointed  out 
the  economies  in  the  iron  and  steel  trades,  but  this  is  more  than 
counterbalanced  by  the  greatly  increased  production  of  iron. 


I 
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U,—A  USTRIA-HUNGARY, 

Mineral  Statistics. — The  following  are  the  official  returns  relating 
to  the  production  of  the  mines  and  works  of  the  Austrian  Empire, 
exclusive  of  Hungary,  during  the  year  1888  :  * — 


! 

Per  cent,  of 

Divia 

MixB.                    Iron  Ore. 

Forge  Pig 
Iron. 

Foundry 
Pig  Iron. 

Total  Pig 
Iron. 

Total  Pig 
Iron 

Metric  Tons. 

Metric  Tons. 

Production. 

;  Metric  Tons. 

Metric  Tons. 

Metric  Tons. 

Bohemia    . 

355,086 

116,466 

20,827 

137,293 

23-42 

Lower  Ama 

tria  .                      6,148 

43,824 

6,162 

48,986 

8-36 

Salzburg    . 

6,573 

•  •  ■ 

2,486 

2,486 

0-42 

Moravia 

80,886 

124,249 

29,513 

168,762 

26*28 

Silesia 

2,633 

40,738 

3,657 

44,396 

7-68 

Styria 

511,934 

147,019 

2,130 

149,149 

25-45 

Carintbia 

.   '       72,811 

39,457 

840 

40,297 

6-88 

Tyrol 

4,865 

1,734 

1,362 

8,096 

0-53 

Camiola 

9,645 

8,331 

570 

8,901 

0-66 

Galicia 

Total 

8,839 

•  ■  • 

2,756 

2,766 

0-47 

&       .         .     1,009,320 

I 

516,818 

69,803 

586,121 

100-00 

The  following  divisions  of  the  Empire  showed  an  increased  production 
of  pig  iron  as  compared  with  that  of  the  preceding  year : — 


1 
Divisions.                         |    Metric  Tons. 

Per  cent. 
9-68 

Bohemia 

11,964 

Lower  Austria 

17,198 

64-10 

Salzburg . 

1,085 

77-40 

Moravia  . 

3,636 

2-85 

Silesia 

8 

0-02 

Styria      . 

88,685 

86-02 

Carintbia 

1,253 

3-21 

Tyrol 

1,754 

130-65 

Galicia    .        .        .         -        .               169 

1 

658 

The  production  in  Camiola  diminished  by  1298  tons,  or  24*97  per 
cent. 

Of  the  125  existing  blast-furnaces,  67  were  in  blast  for  2969  weeks. 
At  the  ironworks  10,909  workpeople  were  employed,  and  at  the  iron 
ore  mines  4404. 

The  production  of  coal  in  the  Austrian  Empire,  excluding  Hungary, 

*  SUUiititchet  Jahrbueh  des  k.L  AckerbauminitUriutM  fttr  19^ 
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amounted  in  1888  to  8,274,461  tons,  y&lued  at  Xl,997,526;  the  pro- 
duction of  Hgnite  being  12,860,255  tons,  valued  at  £1,728,423.  The 
coke  produced  amounted  to  567,826  tons,  valaed  at  £326,449.  Of 
graphite  19,646  tons,  valued  at  £52,895,  were  prodaoed. 

The  manganese  ore  produced  amounted  to  6554  tons,  valued  at 
£8099. 

Bosnia. — ^The  British  Consul  at  Lerajevo  reports  that  the  BoBnitn 
Mining  Company  last  year  closed  their  manganese  mines  at  CevIjanoTie 
as  prices  were  too  low.  The  chrome  mines  at  Dubostica  produce  two 
or  three  thousand  tons  annually,  but  the  mines  in  the  immediate  nei^- 
bourhood  are  getting  worked  out.  There  appears  to  be  abondanoe  of 
chrome  ore  in  Bosnia.* 


III.— BELGIUM. 

OoaL — ^The  production  of  coal  in  Belgium  t  amounted  to  19,218,481 
tons  in  1888,  as  compared  with  18,378,624  tons  in  1887,  showing  an 
increase  of  839,857  tons.  The  aggregate  value  was  £6,480,723  for 
1888,  as  compared  with  £5,906,962  in  the  previous  year.  The  pro- 
duction by  provinces  was  as  follows : — 


1 

1888. 

Ton«. 
13,993,140 
428,173 
4,797,168 

Mines  Working  in 
1888. 

Hainaut 

Namur 

Li^ge 

184 
18 
71 

Total 

-  19,218,481 

268 

The  number  of  workpeople  employed  was  103,477,  and  the  average 
annual  wages  was  £34,  15s. 

Imports  and  Exports. — The  imports  of  iron,  steel,  coal,  &c., 
during  the  first  six  months  of  1889,  compared  with  those  for  tbe 
corresponding  period  of  1888,  were  as  follows  : — 


•  Engineering,  vol.  xWiii.  p.  315. 


t  Industrie*^  yoL  tiL  p.  256. 
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\,— FRANCE. 

Iron  and  Steel. — The  production  of  pig  iron  for  the  first  half 
of  1889  is  stated  to  have  been  as  follows  :  * — 


Description. 


Forge  Pig: 
Iron. 


Coke  pig  iron  . 
Charcoal  pig  iron    . 
Mixed  brands . 

Totals 

Totals  in  first  Wf  of  1887 

IncreaHe  or  decrease  . 


Tons. 
644,259 
3,643 


647,902 
651,982 
"4,080 


Foundry  Pig 
Iron. 


Tons. 
201,935 
1,025 
2,955 


205,915 

169,842 

+  36,078 


The  total  production  of  pig  iron  thus  amounted  to  853,817  metric 
tons,  against  821,824  tons  in  the  first  half  of  1888,  the  increase  being 
31,993  tons. 

The  production  of  manufactured  iron  was  as  follows  : — 


Description. 

First  Half 
1889. 

First  Half 
18SS. 

Increase  or 
Decrmse. 

Tons. 
+  54 

•  •  • 

•  •  ■ 

•  *  • 

Puddled  rails 

Merchant  iron,  paddled 
,,           „        charcoal     . 
„           ,,        obtained  by  reheating 

Total  merchant  iron 

Plates,  paddled 

„        charcoal          .... 
„        by  reheating  .... 

Total  plates    . 

Total  production     . 

Tons. 
273 

264,272 

8,897 

65,463 

Tons. 
219 

288,529 

4,788 

81,644 

833,632 

49,110 

937 

3,513 

374,961 

146,348 
1,733 
4,815 

-  41.329 

•  •  • 

•  >  ■ 
■  •  • 

53,560 
387,465 

52,896 
428,076 

+  664 
-  40,611 

*  Bulletin  du  Comite  dcs  Forges,  No.  249,  pp.  5a-62. 
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The   French    production   of   steel    over  the   same    period   was  as 
follows : — 


Description. 

First  Half 
1880. 

First  Half 

1888. 

Increase  or 
Decrease. 

Rails,  Bessemer .... 
„      open-hearth 

ToUl  rails      . 

Merchant  steel,  Bessemer  . 
„          „      open- hearth 
„          „      puddled 
„          „      cement 
'         „          .,      crucible 

Total  merchant  steel    . 

Plates,  Bessemer 
„      open-hearth    . 
„      miscellaneous 

Total  plates    . 

Total  steel 

Tons. 
75,412 
3,549 

Tons. 
83,538 
3,537 

87,075 

46,905 
41,796 
13,061  . 

686 
4,304 

Tops. 

•  •  • 

•  •  • 

78,961 

62,529 

54,794 

12,177 

776 

5,493 

-  8,114 

•  •  « 

•  • « 

•  •  • 

•  •  • 

•  •  • 

125,769 

15,192 

21,820 

4,346 

166,752 

17,925 

22,655 

5,217 

+  19,017 

•  •  • 

•  •  - 

•  •  « 

41,358 
246,088 

45,797 
239,624 

-  4,439 
+  6,464 

OoaL — ^The  output  of  the  French  collieries  is  stated  *  to  have  heen 
as  follows : — 


Description. 


Goal  and  anthracite 
Lignite 


Totals 


<      First  Half 
1889. 


Tons. 
11,696,020 
210,954 


11,906,974 


First  Half 
1888. 


Tons. 
10,860,925 
216,796 


11,077,721 


Increase  or 
Decrease. 


Tons. 
+  835,095 
-      5,842 


+  829,253 


Imports  and  Exports. — The  French  imports  and  exports  of  iron 
ore,  iron,  and  steel  are  stated  t  to  have  been  as  follows  : — 


*  Bulletin  du  Comiti  dti  Forges^  No.  249,  pp.  55-57. 


t  Ibid,,  No.  249,  pp.  51-52. 
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Daooription. 

Imporfal  dur 
Hal 

1889. 

641,003 
9,167 
5.778 
2,156 

log  the  Fiivt 
fof 

1 

Bxporte  dnriag  Um  fint 
Half  of 

IroD  ora       • 
.Pig  iron 

Manufactured  iron 
Steel    .... 

1888. 

567,431 

12,826 

7,281 

2,649 

1889. 

112,897 
25,993 
45,482 
13,896 

1 

1888.       1 

1      144,185 
15.471     1 
15.929 
6,59« 

1 

Of  iron  imported  and  exported  after  manufacture^  the  toonage  was 
as  follows : — 


1 
1 

Doscription. 

Forge  pig  iron 
Foundry  pig  iron 

ToUU 

Charcoal  iron 

Coke  iron 

Platee  .... 

Total-H 
Steel    .... 

Imports  during  the  Flr»t 
Half  of 

Be-exports  during  the  Ftat 
Half^ 

1889. 

25,631 
29,466 

1888. 

42,043 
19,509 

1889. 

21,733 
27,237 

1888. 

88,107 
14,234 

55,097 

1,530 
2,653 
2,035 

61,552 

48,970 

47.841 

781 
2,747 
1,764 

1,960 
1,965 
1,464 

847 
2,654 
1,954     > 

6,218 

2,420 

1 

5,292 

5,889 

5.456 

2,584 

1,068 

1,121 

The  total  amount  of  the  imports  of  iron  and  steel  during  the  first 
half  of  1889  was  80,831  tons,  that  is,  11,353  tons,  or  12*40  per  cent, 
less  than  the  corresponding  figure  for  1888. 


The  Iron  Industry  of  France. — ^The  ironworks  of-  France  may 
be  grouped  in  four  districts — the  North,  with  such  works  as  AnxLot 
Denain,  Marchiennes,  Maubeuge,  Marquise,  Fiveslille ;  the  Centre, 
with  Creuzot,  Commentry,  St.  Chamond,  Firminy,  Fourchambaolt; 
the  South,  with  La  Youlte,  Bess^ges,  St.  Louis ;  and  the  East,  witb 
Longwy,  Pont-k-Mousson,  Stenay,  and  St.  Dizier.  The  following 
tiibles  relating  to  the  iron  trade  of  France  are  grouped  according  to 
these  districts : — 
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Output  of  Coalin  ISSS. 

Dlstrieto.  Metric  Tons. 

North— 

Nord  and  Pas  de  Calais 12,364,085 

Centre — 

Loire 3,357,817 

Sadne-et-Loire 1,611,057 

AUier 988,529 

Is^re 128,700 

^^OvV                 •                  •                 •                  •                                    •                 •                 •                 ■  ••• 

Sonth— 

Card 1,827,707 

Areyron 809,567 

Other  distriots 1,293,351 

Total    .        .  22,380,818 
The  production  of  pig  iron  was  as  follows  : — 

Production  of  Pig  Iron  in  France  in  1882,  1887,  and  1888. 


Districts. 

1882. 

1887. 

1888. 

North— 

Nord 

Pas-deCalais 

255,322 
53,126 

223,315 
97,920 

231,698 
85,391 

Totals    . 
Centre — 

Loire 

8a6ne-et-Loire 

AUier 

Rbdne 

Cher 

Is6re      

308,448 

58,547 
177,740 
90,507 
89,437 
17,959 
36,763 

321,235 

81,586 
55,001 
28,151 
8,700 
4,590 
13,307 

317,084 

34,161 
70,107 
18,090 
14,868 
14,525 
13,945 

Totals    . 
South— 

Gard 

Aveyron         .... 
Ard^he         .... 
Bouehes-da-Rhdne 
Ari^ 

470,953 

144,818 
83,388 

103,316 
25,739 
22,150 

141,285 

78,789 

6,746 

47,214 

18,536 

9,632 

165,196 

54,994 

6,465 

37,983 

21,250 

7,864 

Totals    . 
Bast— 

Meose 

Menrthe-et-Moselle 

Hante-Biame 

Ardennes       ..... 

329,411 

9,767 

716,043 

82,865 

22,258 

150,917 

5,762 

770,842 

68,148 

18,298 

128,006 

3,090 

911,009 

48,589 

20.475 

Totals    . 

830,933 

858,050 

978,163 

The  quantity  of  charcoal  pig  iron  made  in  1888  was  22,792  tons, 
n<l  of  foundry  iron  382,046  tons. 
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The  following  table  shows  the  production  of  rolled  iron  in  the 

distncts : — 


Production  of  Rolled  Iron  in  France  in 

,  1882,  1887, 

ontf  1888. 

Districts. 

1882. 

1887. 

1888. 

North— 

Nord 

335,442 

285,631 

308,541 

Pasde-CalaiB 

Totals    . 

308 

825 

430 

335,750 

285,956 

308,971 

Centre — 

Loire 

84,280 

87,361 

87,111 

Saone-et-Loire 

64,949 

68,126 

71,561 

AUier 

38,378 

29,360 

31,631 

Cher 

570 

560 

627 

Is^re      

14,833 

5,155 

4,009 

Nidvre 

Totals    . 

20,373 

5,049 

6,672 

223,383 

145,611 

151,614 

South— 

Card 

27,916 

14,870 

14,108 

Aveyron         .... 

19,986 

11,562 

10,200 

Bouche8-du-Rh6ne 

1,567 

880 

1,457 

Ari^ 

Totals    . 

16,537 

6,361 

5,831 

66,006 

83,673 

31,091 

East— 

Meuse 

20,103 

7,993 

10,717 

Meurthe-et-Moselle 

49,111 

42,168 

42,868 

Haute-Mame 

90,773 

61,657 

88,n8 

Ardennes       .... 
Totals    . 

79,961 

64,290 

67,851 

239,948 

176,108 

209,654 

The  following  table  shows  the  production  of  steel  rails  daring  tbe 
years  1882,  1887,  and  1888:*— 


Districts. 

1882. 

1887. 

1888 

North 
Centre 
South 
East  . 
Tiandes 

Total  product 

Metric  Tons. 

59,529 

170,208 

106,461 

... 

... 

Metric  Tons. 

114,620 

4,747 

32,145 

25,183 

26,118 

Metric  Tons. 
94,863 
5,098 
23,481 
21,818 
30,313 

336,198 

202,808 

175,573t 

Iron  AgCy  vol.  xliv.  p.  370. 


t  175.598  in  origisaL 
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The  following  table  shows  the  progress  of  the  steel  trade  of  France 
since  1882  :— 


Production  of  Steel  in  France  in  1882,  1887,  and  1888. 


Districta. 


North— 
Nord      . 
Pas-de-Calais 

Totals 
Gentre — 
Loire 

Sadne-et-Loire 
AUier     . 
la^re 
Nidvre    . 


Totals    . 
East— 
Meuse    . 

Meurthe-et-Moselle 
Haute-Mame 
Ardennes 


Soath— 
Gard 
Aveyron 
Aridge   . 


Totals 


ToUU 


1882. 


61,853 


61,853 

132,529 

101,320 

28,301 

8,739 

5,781 


271,620 

51 
1,616 

•  •  • 

171 


1,838 

83,679 

25,803 

6,223 


115,605 


1887. 


87,664 
61,462 


149,126 

54,536 

45,519 

11,627 

4,821 

9,897 


126,800 

6,568 
41,266 

9,160 
18,218 


74,201 

40,634 

3,'496 


44,030 


1888. 


95,212 
50,986 


146,197 

67,619 

48,746 

10,360 

3,859 

9,072 


139,663 

6,165 
37,814 
16,327 
21,096 


81,392 

84,722 

2^087 


36,809 


YL—GEBMANY. 

Productioil  of  Pig  Iron. — The  following  table  shows  the  produc- 
tion of  pig  iron  in  (xermany  during  the  first  half  of  1889  * : — ^ 

Metric  Tom. 

Forge  pig  iron  and  spiegeleisen 981,806 

Foundry  pig  iron 253,365 

Acid  Bessemer  pig  iron 198,704 

Basic  Bessemer  pig  iron 668,511 

Total 2,092,876 


*  Compiled  from  the  statistics  published  monthly  in  Stahl  und  Eiten. 
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Wrought  Iron  and  Steel. — The  production  of  wrought  iron  in  the 
year  1887  amounted  to  172,834  tons,  and  that  of  steel  to  73,262  tons, 
the  total  being  246,096  tons  for  the  two.  The  number  of  worimen 
employed  was  11,714. 


YIIL— JAPAN. 

Iron  in  Japan. — In  his  report  upon  the  trade  and  shipping  of 
Yokohama  during  the  year  1887,  Mr.  Quin,  the  British  Consul,  states 
that  the  value  of  the  imports  and  exports  compares  favourably  with 
that  of  the  previous  year,  the  former  having  been  £5,568,633,  as  com- 
pared with  £4,131,993,  and  the  latter  £5,347,743,  as  oompaoned  with 
£5,308,136.  In  metals,  the  value  of  the  total  trade  of  the  port  for 
1887  exceeded  that  for  1886  by  nearly  40  per  cent,  and  was  geneially 
of  a  satisfactory  character,  the  largest  increase  being  in  the  following 
articles  :— Iron  rails,  £101,913,  against  £86,720  in  1886  ;  iron  pipeBof 
the  value  of  £66,299,  and  ironware,  which  was  imported  to  the  value 
of  £101,324,  against  £39,427  in  1886 ;  also  galvanised  and  roofing  irai 
of  the  value  of  £10,479.  Railway  extensions  are  still  absorbing  t 
large  quantity  of  rails,  most  of  which,  though  included  in  the  Customs 
i-etums  as  iron,  should  be  called  steel  rails.  The  large  import  of  iron 
pipes  is  accounted  for  by  the  requirements  of  Yokohama  for  a  system 
of  waterworks  which  has  been  successfully  completed,  and  is  not  likel? 
to  appear  again  in  the  returns,  unless  the  scheme  talked  of  for  Tokio 
)»o  decided  upon.  The  increase  in  ironware  is  accounted  for  by  the 
importation  of  numerous  heavy  bridges  and  othc  r  ironware  connected 
with  railway  works.  Of  the.  item  £33,872  for  engines,  &c.,  owr 
£16,000  was  for  locomotives,  thus  swelling  the^  railway  requiremoiti 
to  about  £120,000.  The  import  of  galvanised  iron,  both  cormgatd 
and  flat,  has  more  than  doubled.  On  the  other  hand,  the  consumptui 
of  pig  iron,  tin-plates,  and  steel  has  fallen  off.  Of  the  pig  iron[iB- 
polled,  Italy  is  credited  with  about  400  tons. 


IX.— NATAL. 

Goal  in  Natal. — Steam  machinery  is  employed  at  the  Clandslaagii 
Colliery  only  in  Natal.*  The  existence  of  coal  in  this  district  bis 
been  known  for  several  years,  and  it  was  mined  by  the  military  dmisi 

*  ^''atal  WituetSt  tbiough  Iron  andjCoal  Tradet  Hcviiv,  toI.  xxxiz.  p.  621. 
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Steel. — There  were  in  1888,  34  works  which  possessed  17  conyntos, 
67  open-hearths,  34  cementation  furnaces,  and  282  crucible  fumaoeB. 
From  the  steel  manufactured,  114,000  tons  of  rails  and  9219  tons  d 
plates  and  sheets  were  made.  The  maximum  production  was  in  the 
St.  Petersburg  district,  which  produced  75,059  tons,  the  next  importint 
districts  being  Jekaterinoslav  and  Warsaw,  where  the  production  was, 
respectively,  46,118  and  25,956  tons. 

One  half  of  the  bituminous  coal  produced  was  obtained  from  ihd 
kingdom  of  Poland,  and  the  greater  part  of  the  remainder  from  the 
Donetz  basin,  which  latter  was  the  sole  source  of  the  supply  of  anthra- 
cite. Lignite  was  chiefly  obtained  from  Poland  and  the  Moscow  basm. 
The  total  quantity  raised  was  74,399  tons,  of  which  69,377  were  ob* 
tained  from  the  government  of  KutaSis.  The  greater  portion  of  the  ore 
raised — 54,440  tons — was  exported  from  Batoum  and  PotL 

The  workpeople  employed  at  the  iron  mines  and  smelting  works 
numbered  197,488,  and  at  the  collieries  33,158. 

Petroleum  Exports. — ^The  petroleum  exports  from  Kussia  were 
as^ follows  in  1888,  the  exports  for  1887  being  also  shown  for  the  pur- 
pose of  comparison : — 


Description. 

18S8. 

1887. 

Naphtha,  crude 

Vaseline  and  paraflfin       .... 

Kefined  petroleum 

Lubricating  oils,  crude    .... 

„          „          refined .... 

Residues 

Pud. 

74,000 

8,000 

26,651,000 

1,280,000 

1,421,000 

4,417,000 

Pud. 
9*J3,000 
6,000 
11,191,000 
1,663,000      ; 
1,076,000 
3,211,000      1 

Totals 

83,846,000 

18,070,000      ; 

A  pud  is  appi"oxiniatoly  36  J  lbs.  The  exports  for  1888  show,  it  will 
be  seen,  an  increase  of  about  87  per  cent. 

The  imports  of  Russian  petroleum  into  British  India  have  increased 
from  1,577,000  gallons  in  1886  to  17,516,000  gallons  in  1888-^SL 
These  figures  compare  with  the  United  States  imports  into  India  of 
29,000,000  gallons  in  1886-87,  and  20, 000,000^ gallons  in  1888-89.* 


Journal  de  St.  Pdtenhourg,  June  1889. 
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XIL— SPAIN. 

"  Hineral  Statistics. — ^The  iron  trade  statistics  of  Spain  for  the  year 
1887  show  that  the  quantities  of  minerals  and  metals  produced  were 
as  follows :  * — 


Description. 

Metric  Tons. 

YaIuo. 

Iron  and  steel     . 

Iron  ore      .... 

Manganese  ore   . 

Coal 

Lignite        .... 
Briquettes  and  coke    • 

288,704 

6,796,266 

1,460 

1,021,254 

17,051 

134,536 

£1,585,451  1 
820,988 

1,496  j 
331,377 

8,385 
431,635 

i 

Exports  of  Pig  Iron  and  Iron  Ore.— The  Bilbao  Maritima  y 
Comeretal  states  that  the  exports  of  pig  iron  and  iron  ore  f^om  Spain 
in  the  years  1886,  1887,  and  1888  have  been  as  follows  : — 


Description. 

Pig  iron 

Iron  ore          .         . 

1886. 

1887. 

1888. 

Metric  Tons. 
49,420 

4,187,527 

Metric  Tons. 
115,359 

5,215,713 

Metric  Tons. 
73,677 

4,563,779 

The  exports  of  iron  and  iron  ore  from  Spain  during  the  first  six 
months  of  1889  were  as  follows,  the  figures  for  the  correspcoiding 
periods  of  1887  and  1888  being  also  given  : — 


Description. 


Iron  ore 
Pig  iron 


1889. 


Metric  Tons. 
2,656,171 

28,900 


Metric  Tons. 
2,375,875 

84,863 


Metric  Tons. 
2,713,763 

59,288 


Accidents  in  Spanish  Mines.— In  1887  there  .were  employed  at 
iron  mines  in  Spain,  3001  workpeople.  The  accidents  number  53,  the 
killed  numbering  16,  and  the  injured  46.  In  coal  mines  6322  work- 
people were  employed,  and  of  these  14  were  killed  and  645  injured, 

*  Revista  Minera,  vol.  xL  p.  219. 


506 


THE  IRON  AND  STEEL  INDUSTRIES. 


the  total  number  of  accidents  amounting  to  ^6  ;  onlj  one  death  was 
due  to  an  explosion  of  fire-damp.* 


XIU.— UNITED  STATES, 

Production  of  Pig  Iron. — ^The  following  statistics  relating  to  the 
production  of  pig  iron  in  the  United  States  in  the  first  six  montlis 
of  1889  have  been  prepared  by  the  American  Iron  and  Steel  Asso- 
ciation : — 

Total  Production  of  Pig  Iron, 


Production  in  Tons  of  2000  lbs.  Ondudes  SptegoklaaC- 

1 

SUtes. 

First  Half  of 

Second  Half  of 

First  Half  of 

1888. 

1888. 

1889. 

Maine 

'           2,560 

3,024 

2,700 

Massachusetts 

.  ,           7,006 

6»248 

2,661 

Connecticut 

10,236 

11,408 

12,108 

New  York 

134,900 

122,280 

144,613 

New  Jersey 

50,893 

61,489 

67,749 

Pennsylvania 

1,630,846 

1,968,341 

2,012,804 

Maryland . 

6,250 

11,356 

10,233 

Virginia    . 

92.496 

104,901 

112,828 

N.  Carolina 

*        *        .*  ,           1,100 

1,300 

922 

Georgia     , 

.  I         23,668 

16,739 

11,338 

Alabama  • 

169,696 

279,796 

364,346 

Texas 

2,968 

3,619 

1,411 

West  Virginia 

45,601 

49,668 

72,776 

Kentucky . 

21,267 

35,523 

23,866 

Tennessee 

122,817 

145,114 

147,401 

Ohio . 

528,536 

675,282 

602,476 

Indiana     . 

7,300 

7.960 

7,806 

Illinois 

294,520 

284,787 

282,163 

Michigan  . 

106,578 

106,673 

100,363 

Wisconsin 

51,477 

64,660 

74,065 

Missouri    . 

60,789 

30,994 

42,796 

Minnesota  t 

•   B   • 

... 

•  •• 

Colorado   • 

11,622 

9,365 

•  •• 

Oregon 

•  •  • 

2,609 

6,426 

California  $ 

•  •  • 

•  •• 

•  •  « 

Washington  Territory 
Totals 
Anthracite        .... 

•  •  • 

3,382,503 

4,093 

6,571 

3,886,004 

4,107,899 

965,448                970,281 

917,611 

Charcoal 

278,238 

320,651 

306,780 

Bituminous       .... 
Totals 

2,148,817 

2,696,172 

2,883,608 

3,382,503 

3,886,004 

4,107,899 

*  Jtwista  Minera 

,,  vol. 

xL  p.  221. 

t  A  blast  f urn 

ace  building. 

t  Fomaeeidlei 
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Total  Production  of  Bessemer  Pig  Iron.  * 


Production  in  Tons  of  20O0  lbs.  (hioludes  Splesreleisen). 

states. 

First  Half  of 

Second  Half  of 

First  Half  of 

1838. 

1888. 

1889. 

New  York        .... 

18,732 

33,342 

29,233 

New  Jersey 

.  ,         14,685 

12,820 

13,946 

Pennsylyania 

746,479 

1,024,065 

990,239 

We«t  Virginia 

.  1         38,657 

45,676 

63,042 

Tennetsee. 

2.815 

•  ■  • 

•  •  • 

Ohio . 

138,828 

197,927 

207,407 

Illinois 

275,675 

276,401 

247,101 

Missouri    . 

64,144 

•      22,376 

87,080 

Michigan  . 

8,000 

•  •  ■ 

•  •  • 

Wisconsin 

17,136 

17,400 

1,625 

Colorado  . 

• 

10,478 

6,666 

•  •  • 

To 

tals  . 

1                 1 

• 

1,319,929 

1,634,478 

1,589,673 

The  quantity  of  spiegeleisen  and  ferromanganese  made  in  the  first 
half  of  1888  was  21,162  tons  (of  2000  lbs.) ;  in  the  second  half,  33,607 
tons;  in  the  first  half  of  1889,  34,760  tons.  ^^ 

The  total  stocks  of  pig  iron  at  June  30, 1889,  amounted  to  563,286  tons. 

Bessemer  Steel  Production. — The  American  Iron  and  Steel  Asso- 
ciation has  received  from  fthe  manufacturers  complete  statistics  of 
the  production  of  Bessemer  steel  ingots  and  Bessemer  steel  rails  in  the 
United  States  in  the  first  half  of  1889.*  The  following  table  shows  the 
production  of  Bessemer  steel  ingots  in  the  first  half  of  1889  compared 
with  the  pi:oduction  in  each  half  of  1888.  The  production  of  steel  ingots 
by  the  Clapp-Griffiths  process  is  inchided,  but  a  statement  is  also  added 
of  the  ingots  produced  by  this  process  alone : — 


Ingota. 


Pennsylvania  . 
Illinois    . 
Other  States  . 

Totals 


Clapp-GriflBths  only 


First  Half  of 
1888. 


Second  Half  of 
1888. 


Tons  of  2O0O  lbs. 
729,993 
321,115 
333,180 


1,384,288 


36,070 


Tons  of  2000  lbs. 
862,636 
299,741 
265,835 


First  Half  of 
1889. 


1,428,212 


45,087 


Tonn  of  2000  lbs. 
9^0,748 
2*45,171 
244,796 


1,420,715 


38,856 


*  Bulletin  of  the  American  Iron  and  Steel  AttocicUion^  vol.  xxiii*  ^q.  2&. 
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The  following  table  shows  the  prodnotion  of  Bessemer  steel  nib  of 
all  kinds  and  sizes  in  the  first  half  of  1889  oompared  with  the  piodius 
tion  in  each  half  of  1888,  excepting  a  few  thousand  tons  of  Be^ 
semer  steel  rails  which  were  rolled  in  iron  rolling  mills  from  pordiased 
blooms. 


Rails. 

Pint  Half  of 
1888. 

SeoondHalfof 
1888. 

FinlHalfof 
1889. 

Pennsylyania  .... 

Illinois 

Other  SUtes   .... 

ToDSofSOOOlbs. 
420,101 
256,828 
98,837 

ToDsofSOOOIbs. 
491,105 
231,816 
81,650 

Tons  of  SOOO  Ibi. 
523,882 
179,201 
16,489 

Totals 

775,261 

754,671 

719,572 

Imports  of  Iron  Ore,  Iron,  and  SteeL— The  official  report  of 

the  United  States  Bureau  of  Statistics  shows  that  the  quantity  of  iron 
ore  imported  during  the  fiscal  year  ending  June  30,  *1889,  amounted  to 
653,206  tons,  valued  at  1,507,658  dollara,  as  oompared  with  919,644 
tons  in  1887--88,  valued  at  1,818,034  dollara.  The  imports  of  ircm  and 
steel  were  as  follows : — 

Value  of  Iron  and  Sied  Imparts, 


Articles. 


Pig  iron 

Scrap  iron       .         .         .         . 
Scrap  steel       .        .         .         . 
Bar  iron .         .         .         .         . 
Iron  rails         .         .         .         . 
Steel  rails        .         .         .         . 
Cotton -ties,  iron  and  steel 
Hoop  iron        .         .         .         . 
Steel  hoops,  sheets,  and  plates 
Steel  blooms,  billets,  and  bars 
Sheet  and  plate  iron 
Tin  plates        .         .         .         . 
Wire  rods        .         .         .         . 
Wire  and  rope  wire 
Anvils,  axles,  and  forgings 

Chains 

Cutlery 

Files,  rasps,  and  floats 
Fire-arms        .         .         .         . 
Machinery       .         .         .         . 
Needles  ,         .         .         .         . 
All  other 


1889. 


._    » 


Totals 


DoUan. 

2,860,462 

894,904 

55,432 

1,135,665 

481 

581,109 

897,762 

7,814 

902,456 

2,460,390 

447,016 

21,222,653 

2,500,394 

638,554 

164,292 

84,600 

2,362,537 

65,233 

1,159,147 

2,445,379 

•    288,600« 

1,708,462 

42,377,842 


1888. 


Dollars. 

5,042,886 

1,957,135 

161,014 

1,219,461 

5,375 

3,219,212 

528^4 

295 

831,941 

4,442,647 

581,484 

18,979,344 

3,648,480 

600,988 

182,743 

97,506 

2,210,736 

64,956 

1,070,685 

2,079,381 

816,295 

1,801,859 

48,992,757 


So  far  as  they  are  stated  in.  the  statistical  returns,  the  quantities  of 
iron  and  steel  imported  Yfet^  «j&Ic>^q7j%^  VcL^«teQXfc\«iia»\ — 
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QitantUies  of  Iron  and  Steel  ImpMed  into  the  United  States. 


Articles. 


Pig  iron 

Scrap  iron       .... 
Scrap  steel      .... 

Bar  iron 

Iron  rails        .... 
Steel  rails        .... 
Cotton-ties      .... 
Hoop  iron       .... 
Steel  hoops,  sheets,  and  plates 
Steel  blooms,  billets,  and  bars 
Sheet  and  plate  iron 
Tin-plates       .... 
Wire  rods       ,        .        .        . 
Wire  and  wire  rope 
Anvils,  axles,  and  forgings 
Chains 


1889. 


1888. 


Totals 


Tons. 

183,256 

84,217 

4,224 

80,884 

20 

24,267 

82,435 

262 

20,868 

96,264 

6,885 

328,454 

80,451 

3,491 

1,222 

.       722 


847,912 


Tons. 

325,517 

142,087 

13,019 

33,153 

225 

136,799 

19,061 

9 

22,421 

185,397 

7,215 

283,457 

120,956 

3,172 

1,298 

922 


1,294,707 


The  Iron  Age*  has  compiled  from  the. official  xeports  the  following 
table  showing  the  imports  of  iron  and  steel  into  the  United  States 
in  the  first  half  of  1889,  compared  with  the  first  half  of  1888  : — 


Materials. 

statute  Tons. 

First  HiOf-year 

First  Half-year 

1880.       . 

1888. 

Tin-plates 

175,615 

145,569 

Pig  iron 

83,279 

97,260 

Steel  blooms,  &c.    .        .        .        .        .■ 

•    48,609    • 

56,094 

Wire  rods 

40,110 

61,472 

Scrap  iron 

18,818 

29,390 

Bar  iron 

11,847 

12,460 

Steel  plates,  &c 

8,717 

11,278 

Steel  rails 

6.118 

44,877 

Cotton-ties 

4,099 

2,415 

Sheet  and  plate  iron      .... 

3,623                     2,910 

Wire  and  wire  rope        .... 

1,853                     1,530 

Forgings,  &c.          ... 

789        1               746 

Scrap  steel 

730                    5,685 

Chains 

294                       411 

Hoop  iron 

6                      (344  IbB.) 

Iron  rails 

Totals     .... 
Iron  ore 

•  •  ■ 

1 

404,507 

472,098 

391,905 

826,169 

♦  Vol  xliY.  p.  247. 
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Exports  of  Iron  and  SteeL — ^The  official  Tetams  rekting  to  the 
exports  of  iron  and  steel  from  the  United  States  in  the  fiscal  yens 
ending  June  30,  1888  and  1889,  are  as  follows : — 

^  Value  of  Iron  and  Sted  Exporisfrom  the  United  State*. 


Articleo. 

1889. 

1888. 

DolUrt. 

Dollan. 

Pig  iron 

228,945 

.  174.414 

Band  and  hoop  iron 

1,478 

4,158 

Bar  iron 

48,639 

43,488 

Wheels 

74,465 

108,882 

Castings 

7   869,535 

264,492 

Cutlery . 

102,252 

115,408 

Firearms 

820,938 . 

593,321 

Steel  bars 

22,968 

14,161 

Locks  and  builders'  hardware 

1,700,890 

1,442,685 

Machinery     .        .        •        , 

7,166,748 

5,2119,898 

Cut  nails       .... 

290,807 

810,197 

Wire  nails,  including  tacks 

,          157,889 

155,403 

Iron  plates  and  sheets   . 

'            28,620 

198,024 

Steel  plates  and  sheets 

2,601 

8,746 

Printing-presses     . 

223,900 

188,989 

Iron  rails 

240 

2,575 

Steel  rails 

285,877 

175,692 

f  Saws  and  tools 

1,980,878 

1,659,727 

Scales  and  balances 

301,486 

325,488 

Sewing  machines   . 

2,247,875 

2,245,110 

Fire  engines  , 

10,175 

1,300 

Locomotives  . 

1,227,149 

407,014 

Stationary  engines 

133,478 

197,040 

Boilers  .... 

267,894 

288,726 

Stoves  and  ranges . 

273,261 

263,730 

Wire      .... 

594,616 

466,355 

All  other  iron  and  steel 

2,643,213 

2,642,127  • 

Totals 

■ 

• 

• 

21,154,652 

17,763,034 

Condition  of  the  Blast  Fumacea.— At  July  1, 1889,  there  were 

in  blast  in  the  United  States  285  blast  furnaces  out  of  the  total  existing 
number  of  544.  The  weekly  capacity  of  the  285  furnaces  in  hlast 
was  141,419  tons,  and  of  the  259  which  were  out  of  blast,  69,367 
tons.  The  following  table  shows  the  condition  of  the  blast  funiaoes 
using  coke  as  fuel  at  the  date  mentioned  :  * — 

*  Iron  Age,  vol.  xliv.  p.  5.1. 
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Coke  Furnaces  in  the  United  States. 


states. 

1 

Total     ' 
Number  of 
Furnaces. 

1 

j 
Number 
in  Blast 

Capacity 
per  Week. 

Number 
out  of 
Blast. 

Capadtv 
per  Week. 

Tons. 

Tons. 

New  York     .... 

3 

0 

0 

3 

8,377 

Pennsylvania : 

Pittsburgh  district 

19 

18 

21,056 

1 

1,462 

Spiegeleisen    . 

1 

1 

488 

0 

0 

Shenango  Valley         • 

19 

14 

10,073 

5 

2,856 

Jnniata    and    Conemaugb 

ValleTS. 
Spiegeleisen    • 

17 

9 

4,825 

8 

2,485 

1 

1 

700 

0 

0 

Youghi.  Valley  . 

5 

4 

1,622 

1 

780 

Miscellaneous     • 

4 

3 

1,686 

1 

650 

Maryland       .... 

1 

0 

0 

1 

179 

West  Virginia 

6 

3 

2,418 

3 

488 

Ohio: 

Mahoning  Valley 

14 

11 

8.700 

3 

1.738 

Central  and  Northern 

16 

11 

7,706 

5 

8,764 

Hocking  Valley . 

H 

3 

1,079 

11 

8,568 

Hanging  Rock    . 

13 

6 

1,720 

7 

1,410 

Indiana 

2 

0 

0 

2 

389 

Illinois 

12 

8 

9,570 

4 

2,425 

Spiegeleisen 

1 

1 

600 

0 

0 

Wisconsin       .... 

4 

2 

1,000 

2 

850 

Missouri         .... 

6 

2 

1,094 

4 

2,218 

Colorado         .... 

2 

0 

0 

2 

940 

The  South : 

Virginia     .... 

12 

8 

3,887 

4 

1,480 

Kentucky  .... 

4 

2 

587 

2 

630 

Alabama     .... 

26 

21 

13,278 

5 

2,262 

Tennessee  .... 

11 

7 

3,900 

4 

1,200 

Georgia       .... 
Totals    • 

2 

1 

609 
96,548 

1 

310 

215 

136 

79 

35,406 

The  following  tables  show  the  condition  of  the  anthracite  and  char- 
coal blast  furnaces  at  July  1 : — 

Anthracite  Furnaces  in  the  United  States. 


states. 

Total 
Number  of 
Furnaces. 

Number 
in  Blast. 

Capacitv 
per  Week. 

Number 
out  of 
Blast 

Capacity 
per  Week. 

Tons. 

Tons. 

New  York     .... 

23 

11 

3,697 

13 

3,841 

New  Jersey    .... 

14 

4 

1,867 

10 

8,604 

Spiegeleisen 

3 

8 

218 

0 

0 

Pennsylvania : 

Lehigh  Valley    . 

46 

24 

8,770 

22 

7,753 

Spiegeleisen    . 

1 

1 

75 

0 

0 

Schuylkill  Valley 

32 

H 

4,992 

18 

5,231 

U.  Susquehanna  Valley 

17 

7 

2,724 

10 

1,758 

Lebanon  Valley  . 

16 

15 

7,573 

1 

208 

L.  Susquehanna  Valley 
Totals    . 

21 

10 

4,226 

11 

2,582 

173 

89 

34,142 

84 

24,972 
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CJyircodl  Furnaces  in  the  United  States. 


SUtcd. 

Total 

Number  of 

Furnaces. 

Number 
in  Blast. 

CaiMoify 
f  per  Week. 

Namber  out 
of  Hast. 

1 

CtMtj 

per  WceJc 

Tons. 

• 

Toms. 

New  England    . 

14 

8 

670 

1           6 

420     ' 

New  York 

10 

S 

412   • 

7 

520 

Pennsylvania 

23 

4 

810    • 

19 

749 

Maryland  . 

8 

3 

825   • 

5 

240 

Virginia     . 

23 

4 

250 

19 

696 

West  Virginia   . 

3 

0 

0 

•    S 

165 

Ohio  . 

13 

6 

824 

•    7 

851 

Kentucky  . 

2 

2 

220 

0 

0 

North  Carolina 

2 

1 

70 

•    1 

70 

Tennessee . 

8 

6 

1,331 

8    ■ 

800 

Georgia     • 

2 

0 

0 

•    2 

114 

Alabama    . 

9 

8 

1,588 

1 

210 

Michigan  . 

25 

9 

3,091 

16 

8,930 

Missouri     . 

3 

2 

596 

1 

213 

Wisconsin . 

2 

1,011 

6 

891 

Texas 

1 

173 

0 

0 

California  . 

0 

0 

1 

120 

Washington 

1 

176 

0 

0 

Oregon 

1 

181 

0 

0 

Totals 

■                • 

156 

60 

10,727 

96 

8,989 

Iron  Industry  of  New  York. — A  review  of  the  iron  indostrj  of 
New  York  for  the  past  decade  is  given  by  Mr.  J.  C.  Smock.*  The 
maicimum  of  production  was  attained  in  1882,  after  which  there  was  a 
decline  till  1885,  and  then  a  rise,  with  extraordinary  outputs,  during 
the  last  three  years. 

•«  The  iron  ores  of  New  York  are  grouped  into  seven  districts.  In  the 
Highlands  of  the  Hudson  forty  productive  mines  have  been  opened. 
The  production  of  twenty-six  mines  in  1880  was  184,859  tons,  and 
this  decreased  to  115,000  tons  in  1888.  Several  mines  have  ceased 
to  be  worked,  or  are  unproductive.  The  Lake  Champion  and  Adiron- 
dack region,  with  ten  idle  mines,  in  1880  produced  742,865  tons,  but 
since  then  Chateaugay  has  been  increasingly  productive,  and  also  the 
Port  Henry  mines.  Accordingly,  the  output  amounted'  to  812,000 
tons  in  1888.  These  two  districts  produce  magnetites.  The  next, 
St.  Lawrence  and  Jefferson  Counties,  produce  red  haematites.  Three 
mines  have  been  closed  and  two  fresh  ones  opened,  and  the  production 
has  risen  from  94,766  to  110,000  tons.     Clinton  and  Wayne  Counties 

♦  Transactions  of  the  American  InstUuU  of  Mining  Engineers,  voL    xrit  pp.  7i5- 
750 ;  No  7  Bulletin  of  the  Nao  York  State  Museum  of  Natural  History. 
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Adirondack  region  has  produced  15,147,000  tons  since  the  commenoe- 
ment,  of  which  5,772,000  tons  were  produced  in  the  past  decade,  and 
789,419  tons  in  1888.  Bessemer  ores  are  chiefly  produced,  and  many 
of  the  lean  ores  are  dressed. 

The  New  Jersey  mines  show  a  decrease  in  production  to  447,738 
tons  from  547,889  tons  in  1887,  and  this  is  probably  due  to  the  com- 
petition with  seaborne  ores.  The  past  decade  has  shown  a  production 
of  over  five  and  a  half  million  tons :  the  total  production  is  estimated  at 
sixteen  and  a  half  million  tons. 

The  Missouri  district  has  taken  a  prominent  place,  and  last  year 
shipped  160,000  tons.  There  is  also  a  rapid  increase  in  the  production 
of  the  Southern  States,  the  output  being  probably  about  2,500,000  tons. 
Of  this  Alabama  contributed  about  1,000,000  tons,  Tennessee  615,000 
tons,  and  Virginia  between  450,000  and  500,000  tons.  Ohio  produces 
but  little  ore,  the  output  in  1888  being  253,352  tons,  which  is  a  con- 
siderable decrease  from  the  previous  year. 

Other  states  produce  small  amounts  of  ora  Of  these  Colorado  gave 
50,000  tons  in  1888.  Authentic  records  of  imported  ore  are  only 
obtainable  since  1879,  and  show  an  increase  from  284,141  tons  in  that 
year  to  a  maximum  of  1,194,301  tons  in  1887,  from  which  point  the 
import  fell  to  587,470  tons  in  1888.  The  total  imports  since  1879 
have  been  6,340,776  tons.  Finally,  the  author  arranges  the  iron  ore 
producing  regions  in  order  of  production  both  for  1888  and  for  the 
total  output,  and  gives  a  series  of  ciuTves  which  show  the  comparative 
yield  of  the  various  districts. 

Iron  Ore  Production  of  New  Jersey. — In  his  annual  report, 

Mr.  G.  H.  Cook,  the  State  Geologist  of  New  Jersey,  compares  the  out- 
put of  iron  ore  in  the  state  in  1888  with  the  outputs  of  previous  years. 
The  total  output  in  1888  was  447,738  tons,  a  diminution  of  100,051 
tons  as  compared  with  the  output  of  the  previous  year.  The  quantities 
raised  in  previous  years  are  also  given.  In  1790  the  output  was  about 
10,000  tons,  and  in  1830  about  20,000  tons.  In  1873  it  reached 
665,000  tons,  but  diminished  again  afterwards,  until  in  1876  it  was 
but  285,000  tons.  After  this  the  output  again  increased,  and  reached 
its  maximum  in  1882,  when  it  amounted  to  932,762  tons. 

ThelCost  of  Production  of  Pig  Iron.— Mr.  C.  A.  Meissner* 

makes  the  following  estimate  of  the  relative  cost  of  production  of  pig 

*  Iro?i  AffCf  vol.  xliv.  p.  325. 
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Iron  in  the  State  of  Alabama  and  in  the  State  of  New  York,  the  blast 
furnace  being  assumed  to  be  in  each  case  65  feet  high  and  14  feet  in 
diameter  at  the  boshes,  costing  about  £20,000  or  £25,000  : — 

Cost  of  Pig  Iron  per  Ton  in  Alahamu. 

Dollars. 
2  tons  of  ore  at  1.25  dollar 2.50 

1^  ton  of  coke  at  2.25  dollars      .        .  ....  3.40 

1  ion  lime  at  65  cents 0.65 

Labour 1.60 

Incidentals 0.25 

Interest,  4  per  cent,  on  total  capital 0.20 

Repairs 0.50 

Total    ; 9.10 

Freight  to  New  York 3.90 

Total 13.00 

Selling  price  at  New  York 16.00 

Profit  per  ton 3.00 

Average  Cost  of  Pig  Irmi  per  Ton  in  Ohio  and  New  York. 

Dollars. 
Ore    • 5.50 

Fuel 5.00 

Lime 0.80 

Labour     ^ 1.75 

Incidentals .        .  0.25 

Interest 0.20 

Repairs 0.50 

Total 14.00 

Average  freight  to  New  York 1.00 

Total 15.00 

Selling  price  at^New  York 16.00 

Profit  per  ton 1.00 

The  Conndlsville  Coke  Industry. — The  following  statement 

relating  to  the  production  of  coke  in  the  Connellsville  district,  United 
States,  in  1889,  has  appeared  in  the  Connellsville  Conner: — 

Months.  Tons  of  2000  lbs, 

January 524,447 

February 417,280 

March 443,090 

April 418,534 

May 454,250 

June 421.178 

2.678,779 
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Basic  Bessemer  Process. — ^The  following  table  is  given  by  Professor 
W.  B.  Phillips'*^  to  show  the  increasing  ratio  of  production  of  baae 
Bessemer  steel  in  the  world : — 


Description.   ■     1881 


Acid  and ) 
basic      ) 

Basic     .    . 

Acid .    .    . 

Per  cent. ) 
of  ratio ) 


;4,533,470 


1882. 


1883. 


5,259,7415,117,092 


1884. 


1885. 


,    200,000    572.604    634,378    864.000    945,317 
4.333,470,4,687.143  4,482.719  3,938,145  4,090,831 


4-44    I    10-83 


I 


12-39 


18-00 


18-80 


1886.     I     1887. 


Ifitt. 


I 


4,802^45  5,036,148|6,127.99l  7,349,993.6,906,955 

1,813.6311,702.2521.984,484 
4,814.3605,647,741 4,942.4n 


21-50 


23-15 


29-10 


Since  1878,  when  the  process  was  started,  over  8,000,000  tons  of 
basic]  Bessemer  steel  has  been  produced,  and  of  this  total  scaroely 
•50,000  tons  has  been  made  in  the  United  States,  while  now  it  is  not 
made  at  all.  A  suitdble  pig  iron  for  this  proc^  contains  carbon  2-5  to 
3-0  per  cent. ;  phosphorus,  2-0  to  3  ;0 ;  sulphur,  upper  limit,  0  6  ;  silicon, 
upper  limit,  1  -5  ;  manganese,  1  -0  to  3*0  per  cent.  This  kind  of  pig  iron 
is  not  manufactured  in  the  States,  and  it  is  difficult  to  find  suitable 
ore,  though  investigations  are  now  being  made  with  some  hope  of 
success.  The  most  favourable  outlook  for  the  process  is  in  the  Southern 
States,  especially  Alabama.  ^ 

*  The  Ewjineering  and  Mining  Journal,  vol,  xlviii.  p.  30. 
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Chalon,  and  J.  Chansselle.  ''  L'ilectriciti  dans  les  mines/*  [Two  reports 
presented  to  the  International  Mining  and  Metallni^cal  Congress^  Pans 
Exhibition.]    8vo,  pp.  29.    Saint-^tlenne. 

Chateuer,  H.  Le.  "  Lampes  de  sureti'"  [A  report  similar  to  the  foregoing.] 
8vo,  pp.  88.    Saint- Etienne. 

Dujardin-Beaumetz.  *'  Histoire  graphigue  de  Findusirie  houiii&re  en  Angle- 
terre  depuis  1865."    4to,  20  plates.    Paris.    (Price  20  francs.) 

EissLER,  M.  **A  Handbook  of  Modetn  Explosives"  8yo,  100  illastnlioiis. 
London. 

Fauck,  a.  "  Neuerungen  in  der  Tiefbohrteehnik,"  8vo,  pp.  67,  with  S 
illustrations  in  the  text,  and  5  plates.    Leipzig.    (Price  4a.) 

Fromentel,  L.  £.  G.  de.  **  Description  (Pun  nouveau  ventUaUur  jet  tm 
application  d  V aeration  des  mines"  8vo,  pp.  28,  with  1  plate.  Gny. 
(Price  1.60  franc) 

Gordon,  H.  A.     *'A  Miners  Guide"    8vo,  pp.  276.     WeUingtoiL    New 

Zealand. 

'*  Guide  du  mineur  d  V exposition  universclle  de  1889."  8vo.  pp.  214^  and  plan. 
Paris. 

liOROVSKY,  £.  *' Dcutsch-  bohmisch-  russisches  berg-  und  hUttenmanmisekes 
Worierbuch.''    8vo.     Prague. 

Jones,  E.  A.  **  The  Southern  Coalfields  of  the  Satpura-Gondtedna  Bctsin,"* 
8vo,  pp.  158,  with  two  coloured  maps.    Calcutta.    (Price  4s.  6d,) 

Mathet,  F.  ^^L'air  comprinU  aux  mines  de  Blanzy"  2nd  edition.  8to, 
pp.  144,  with  6  plates.    Saiut-Etienne. 

Ott,  II.  **  Die  Moglichkeit  des  Vorkonimens  von  Steinkohlen  im  Badisdtm 
Oberlande''    8vo,  pp.  13.    Landshut.    (Price  6d.) 

Potts,  W.  J.  *^  Mining  Register  and  Directory  for  the  Coed  and  Ironstone 
Trade  of  Great  Britain  and  Ireland  for  1889."  8vo,  pp.  319.  North 
Shields.     (Price  6s.) 

Vollert,  M.     ^*Dcr  Biaunkohlenbcrgbau"    8vo,  pp.  402,  with  map    Halle. 
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DONATIONS  TO  THE  LIBRARY  DURING  1889. 


Donatiuns. 


GERMANY. 

Grundriss  der    Eisen  htittenkunde.      By  Dr. 

Hermann  Wedding.     1888. 
Der  Umstand    der    Bergarbeiter  im  Nieder- 

rheinisch-  Westfalischen  Industriebezirk.  By 

Dr.  Gustav  Natorp.     Essen,  1889. 
Musterbuch  fur  Eisen-constructionen.     By  C. 

Scherowsky.     Berlin,  1889. 

SWEDEN. 

Underd&nig  Berattelseanj^nde  Ronigl.  Patent- 
byr&us  Yerksamket.     Hugo  E.  G.  Hamilton. 

Betingelser  for  audam^senlig  fromstallening  af 
Tackjernsgjutgods  samt  nya  auvaudmiugar 
af  Kiseljem  af  Professor  Richard  Akerman. 

ITALY. 

Annali  di  Agricoltura.     1889. 

Belazionie  sul  Servizio  Minerario,  nel  1887. 

INDIA. 

Ceylon  Administration  Reports  for  1888.  Part 
IV.     Miscellaneous  Railways. 

UNITED  STATES. 

The  Chemical  Analysis  of  Iron.    By  A,  A.  Blair. 
Report  of  the  Railroad  Commissioners  of  Iowa. 

1888. 
Report  of  the   Bureau   of  Labour  Statistics, 

Conn.     1887. 
Notes  on  the  Construction  of  Ordnance.     Vol. 

II.     1889. 
Reports  of  the  Consuls  of  the  United  States. 

1889. 
The  Use  of  Metal  Track  on  Railways  as  a  Sub- 
stitute for  Wooden  Ties.     By   E.   Russell 

Tratman.     1888. 
Statistics  of  the  American  and  Foreign  Iron 

Trades  for  1888.     (Annual  Statistical  Report 
,    of  the  American  Iron  and  Steel  Association.) 


Bj  whom  PrettBted. 


The  Author. 
The  Author. 


Herr  Schiodter. 


The  Author. 


The  Minister  of  Agri- 
culture. 

The  Minister  of  Agri« 
culture. 


The  Government 


The  Author. 
The     Governor 

Iowa. 
The  Bureau* 


of 


The   Chief  of  OrJ- 

nance. 
The  Bureau. 

Department  of  Agri- 
culture. 

Mr.  J.  M.  Swank. 
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The  North  of  England  Institution  of  Mining  and  Mechanical 

Engineers. 
The  Royal  Dublin  Society. 
The  Bristol  Naturalists'  Society. 
The  Mining  Institute  of  Scotland. 
The  South  Staffordshire  Institute  of  Iron  and  Steel  Works  Managers. 


*  The  Engineer." 
'  Engineering." 

*  Industries." 

*  The  Ironmonger." 

*  The  Iron  and  Coal  Trades  Review," 

*  Ryland's  Iron  Trade  Circular." 
« Iron." 

*  London  Iron  Trade  Exchange." 

*  The  Economist" 

*  The  Statist." 

*  British  Trade  Journal." 

^Martineau  and  Smith's  Hardware  Trade  Journal." 

*  The  Railway  Engineer." 

*  The  Contract  Journal." 
'  The  Shipping  World." 

*  The  Machinery  Market." 

*  The  Marine  Engineer." 

*  Mechanical  Progress." 

*  The  Electrician." 

*  The  Electrical  Engineer." 

*  Railway  News." 

*  The  Mining  Journal." 

'  The  Colliery  Guardian." 
'  Practical  Engineer." 

*  Electrical  Plant." 

*  The  Steamship." 


UNITED  STATES— 

The  American  Association  for  the  Advancement  of  Science.* 

The  American  Society  of  Civil  Engineers. 

The  American  Society  of  Mechanical  Engineers. 

The  American  Institute  of  Mining  Engineers. 

The  Smithsonian  Institution. 

The  American  Patent  OflSce. 

The  United  States  Geological  Survey. 

The  Franklin  Institute. 
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AUSTRIA- 

''  Oesterreichische  Zeitschrift  fiir  Berg-  und  HuttenweaeiL'' 
*'  Berg-  und  Hiittenmannisches  Jahrbuclu" 
"  Jahrbuch  der  K.K.  Geologischea  Beichsanstalt.'' 
''  Wochenschrift  des  Oesterreichischen  Ingenieur-  und  Architektea 
Yereines." 

ITALY— 

**  Atti  della  reale  Accademia  dei  LinceL" 

"  L'Industria." 

"BoUettino  del  R.  Comitate  Dltalia." 

SWEDEN— 

"  Jernkontorets  Annaler." 

"  Ingeniors  For^ningens  Forhandlingar." 

CANADA— 

The  Geological  Survey. 
**  The  Mining  Review." 

INDIA— 

"  The  Geological  Survey  of  India." 
"  The  Indian  Engineer." 
**  Indian  Engineering." 

NEW  SOUTH  WALES— 

"  Journal  of  the  Royal  Society." 

SPAIN- 

"  Re  vista  Minera  y  Metallurgica." 

NORWAY— 

"  Norsk  Teknisk  Tidskrift." 


INDEX 
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Abel,  Sir  Fred.,  on  gaseous  fuel,  180 ;  on  the  Thomborry  safety  lamp,  379L 

Accidents  in  Spanish  mines,  505. 

Adamson,  D.,  on  proposed  Channel  bridge,  128;  on  electric  welding,  216;  remarks  on 

proposing  vote  of  thanks  to  the  President,  284. 
Africa,  Central,  iron  manufacture  in,  426. 
Age  of  the  Tipton  Bun  coal,  Pennsylvania,  347. 
Aiken,  H.,  on  a  hydraulic  crane  and  tongs,  431. 
Akerman,  B.,  on  iron  for  castings,  417. 
Alabama  coalfields,  343 ;  iron  ores,  322. 
Alloys  of  iron  and  silicon,  paper  on.    See  Hadfidd,  R.  A, 
American  blast  furnace,  an,  403 ;  blowing  engines,  403 ;  pig  iron,  408. 
Analyses  of  iron,  411. 
Annealing  box,  444. 

Anthracite  basin,  Bemice,  345 ;  broken,  weight  per  cubic  foot  of,  387 ;  mining,  364. 
Archer  gas-producer,  361. 
Arkansas  cokes,  351. 
Armour  plates,  455. 

Arnold,  J.  O.,  on  the  strength  of  Bessemer  steel  tires,  463. 
Amot,  F.  S.,  on  iron  manufacture  in  Central  Africa,  426. 
Amould,  P. ,  on  testing  wire  ropes,  463. 
Arsenic,  determination  of,  in  iron,  481. 
Ashbumer,  C.  A.,  on  Alabama  coalfields,  343. 
Asphalt  and  petroleum,  355. 
Asturias,  coal  in  the,  340. 

Automatic  testing  machine,  468 ;  vertical  tapping  machine,  446. 
Austria-Hungary,  statistics  of,  489. 
Axles,  railway,  452. 

B 

Bailby,  6.  H.,  on  the  estimation  of  sulphur  in  coal,  485. 

T.  H.,  on  endless  rope  haulage,  370. 

W.  H.,  on  an  annealing  box,  444. 

Baker,  Benjamin,  on  proposed  Channel  bridge,  132. 

Banking-out  and  screening  plant  at  East  Hetton  Colliery,  386. 

Barrows,  charging,  406. 

Basic  Bessemer  process  in  the  United  States,  516 ;  open-hearth  works,  the  Resicza, 

435 ;  steel,  Hungarian,  tensile  tests  of,  466. 
Bauer,  on  coke  ovens,  348 ;  Ruederer  coke  oven,  348. 
Belgium,  statistics  of,  490. 
Bell,  J.  F. ,  on  water  gas,  359. 
Bell,  Sir  Lowthian,  on  the  result  of  blast  furnace  practice  with  lime  as  flux,  388 ;  paper 

*'  on  gaseous  fuel."— Compound  nature  of  water,  139 ;  producer gns,  composition  of. 
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140  ;  ooDBumption  of  s^aiei  at  Britiih  blMt  f uniaeet,  140 ;  eompftriaon  of  imIoxbI 
And  water  giu  illusory,  140 ;  prooeu  of  aiaking  water  gai,  141 ;  Iom  in  prodnciian, 
143 ;  partieolan  of  a  Morayian  worki,  143 ;  heat  generated  bj  oumbnutioD  of 
carbon,  144 ;  relatiTe  proportions  of  carbon  as  water  gas  and  as  prodoeer  pa. 
144 ;  cost  of  gasification  of  coal  in  Germany,  145 ;  useful  effect  of  scdid  fuel  aad 
water  gas  compared,  145 ;  oxidation,  146 ;  conclusions,  146 ;  water  gas  ss  as 
illuminant,  148  ;  for  the  open-hearth  steel  manufacture,  148 ;  postscript,  1^ ; 
AVitkowitc,  use  of  water  gas  at,  149 ;  proportions  of  water  and  producer  gH 
obtained,  161,— DUeusnon  :  Head,  J.,  152 ;  Wildy,  BIr.,  156 ;  Kupelwiceer,  P., 
165,  177  ;  DowBon,  J.  E.,  166 ;  Loomis,  Ifr.,  169;  Fox,  Samson,  172  ;  Bil^.  S.. 
176 ;  Abel,  Sir  F.,  180 ;  Lunge,  Dr.,  189 ;  Smith,  Watson.  193 ;  Wright,  Dr.  AUei, 
195 ;  Bell,  Sir  Lowthian,  182.  202. 

Remarks  on  Professor  Jordan's  paper,  37 ;  on  presenting  Bessemer  gold  medal 
to  M.  Schneider,  292. 

Beluchistan  oil  fields,  353. 

Bender,  plate,  430. 

landing  rolls,  429. 

Bemice  anthracite  basin,  345. 

Berthelot,  on  the  calorific  iK>wer  of  carbon,  337. 

Bessemer  guld  medal,  presentation  of,  to  M.  Schneider,  292 ;  steal,  470 ;  steel  prodae- 
tion  in  the  United  States,  507  ;  sttel  tires,  the  strength  of,  463. 

Betton,  6.  £.,  on  the  sand  core  process,  443. 

Bibliography,  517. 

Billings,  G.  H. ,  on  oil  as  fuel,  354. 

Birmingham  district,  iron  in  the,  322. 

Blast  furnace,  an  American,  403 ;  lines,  393 ;  practice,  French,  393 ;  condition  of,  in  ths 
United  States,  510 ;  French,  395  ;  slags,  412;  at  the  Isbergues  Steelworks,  FkaatDS, 
396 ;  the  MayTillc,  402 ;  unreduced  ore  passing  through  a,  391 ;  with  lime  as 
flux,  result  of,  388. 

Blasting,  the  use  of  electricity  for,  379. 

Blowing  engines,  American,  403. 

Blum,  L.,  on  the  detenniuatiou  of  carbon  in  iron,  475. 

Bog  iron  ore  in  Colorado,  324. 

Boiler,  coke-making,  351. 

Boilers,  defects  in,  455 ;  ingot  metal  for,  454. 

Bore-holes,  enlurging.  370. 

i^>snia,  clirome  mines  in,  490. 

Boston,  E.  T.,  on  electric  lighting  in  mines,  378. 

Bowdeu,  J.  W.,  on  the  weight  |)er  cubic  foot  of  broken  anthracite,  387. 

Box,  annealing,  444. 

ihainerd,  A.  F.,  on  iron  in  tho  Birmingham  district,  322. 

lirazilian  coal,  342. 

Itresson,  (v.,  on  the  comparison  of  steam-hammer  and  hydraulic  press  forging,  427. 

liridge,  proposed  Channel.     See  Schneider. 

Bridge  steel,  oi)en-heHrth,  innnufacture  of,  434. 

Bridges,  ingot  metal  for,  455. 

Bri<iuette8,  lignite,  347. 

British  Columbia,  iron  ore  in,  319. 

Bi  ittleness  of  iron,  the,  459. 

]>rougli,  Bennett,  II.,  on  tlie  outbursts  of  gas  in  metalliferous  mines,  331. 

Browne,  D.  II..  on  phosphorus  in  the  Ludington  mine,  Michigan,  325. 

Brustlein,  U.  A.,  on  alloys  of  iron  and  silicon,  247* 

Ihiisson,  on  a  chain  cable,  457. 

Burmese  oil  fields,  352. 

l^tisek,  R.,  on  ferro-chromo,  409  ;  on  mechanical  tests  of  chrome  steel,  465. 

By-productH,  the  collection  of  the,  from  coke  ovens,  349. 
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Controlling  conTerten  and  centre  cranes,  43d. 

Conversion  of  coal  into  gna,  357. 

Converters  and  centre  cranes,  controlling,  436. 

Cook,  £.  S.,  on  a  tuyere  slagging  vaWe,  407 ;  on  nnrednoed  ore  pMsing  through  a  Uait 

fnmace,  391. 
C*opp^  coke  ovens  at  Mae^teg,  349. 
Copper,  determination  of,  in  iron,  481. 
Comut,  E.,  on  ingot  metal  for  boilers,  454. 
Cost  of  coke-making  at  Connellsville,  351 ;  of  prodaotion  of  pig  iron,  in  Alabama  aad 

New  York,  514. 
Council,  retiring  members  of,  at  Paris  meeting,  9. 
Cowper  stoves,  improved,  405. 
Crane,  hydraulic,  and  tongs,  431. 
Crane,  T.  S.,  on  casting  steel  ingots,  441. 
Cranes,  centre,  controlling  converters  and,  436. 
Creusot,  excursion  to,  289. 
Cross-ties,  steel,  453. 

C'Unningham,  A.  C,  on  drifting  testa,  466. 
('Upolas,  420. 
C.-utting,  coal,  by  electricity,  374. 


Daelen,  R.  M.,  on  rail  sections,  452. 

Daubr^,  on  meteorites,  328. 

Dawson  gas,  361. 

Dawson,  G.  M.,  on  coal  in  British  Columbia,  341 ;  on  the  iron  ore  in  British  Columbis, 

319. 
Defects  in  boilers,  455 ;  of  malleable  iron,  462. 
Dephosphorising  iron,  recent  progress  in,  433. 
Desulphurisation  of  iron  ores,  333. 
Detection  of  defective  welds  in  pipes,  444. 
Determination  of  arsenic  in  iron,  481 ;  of  carbon  in  iron,  475;  of  chromium.  479;  of 

copper  in  iron,  481 ;  of  phosphorus  476 ;  of  phosphorus  in  iron,  influence  of  sihooo 

on  the,  477 ;  of  silicon,  478 ;  of  sulphur  in  iron,  479 ;  of  the  calorific  pow«  of 

fuel,  338 ;  of  zinc  in  iron  ores,  the,  484. 
Dewar,  l*rofes8or,  on  the  Thomburry  safety  lamp,  379. 
Dinner,  annual,  of  the  Institute,  286. 

President's,  286. 

to  members  at  St.  Etienne,  295. 

Dixon,  H.  B.,  on  explosives,  381. 

Dolomite,  Hungarian,  335. 

Donations  to  the  Library  of  tlic  Institute.  519. 

Dowson,  J.  E. ,  on  gaseous  fuel,  166. 

I>rifting  tests,  466. 

Drilling  machines,  447. 

Drown,  T.  M.,  on  the  influence  of  silicon  on  the  determination  of  phoaphoroi  in  iron, 

477. 
Durfee,  W.  F.,  on  tlie  Gjers  soaking  pit,  440. 
Dust,  flue,  408 ;  from  coke  oven  gases,  S5l ;  in  mines,  377. 

E 

Kkfect  of  nmnganose  on  chill,  470. 
Khrenwerth,  J.  von,  on  calcining  magnesite,  334. 

Eiffel,  G.,  reception  of  Institute  by,  1 ;  remarks  at  Eiffel  Tower,  288 ;  at  Institots 
dinner,  286. 
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Koenig,  T.,  on  titanic  iron,  327. 

Koope  eystem  of  winding,  366. 

Konig  Oollierj,  longwall  working  at  the,  364. 

Kosmann,  on  the  determination  of  chromium,  479. 

Kupelwieser,  F.,  on  the  micro-structure  of  iron,  462. 

P.,  on  gaseous  fuel,  165, 177. 

Lagebwall,  Mr.,  on  American  pig  iron,  408. 

Laur,  F.,  on  the  blast  furnaces  at  the  Isbergues  Steelworks,  France,  396. 

Laureau,  L.  G.,  on  the  modified  open-hearth  furnace,  434. 

Law,  0.,  on  a  new  method  of  handling  ingots,  448. 

Ledebur,  A.,  on  the  brittleness  of  iron,  459;  on  thermo-chemistry,  471. 

Leonard,  B.  W.,  on  coal  mining,  364. 

Lentz,  Mr.,  on  the  detection  of  defective  welds  in  pipes,  444. 

Libert,  J.,  on  the  use  of  electricity  for  blasting,  379. 

Lignite  briquettes,  347 ;  formation  of,  339. 

Lime  as  flux,  result  of  blast  furnace  practice  with,  388. 

Limestone,  Pennsylvania,  335. 

Llanbradach,  sinking  appliances  at,  366. 

Loewenherz,  L.,  on  surface  tints  on  iron  and  steel,  460. 

Loire,  excursion  to  the,  294. 

Longwall,  working  at  the  Konig  Colliery,  364. 

Longwy  and  Luxembourg,  excursion  to,  301. 

Loomis,  Mr.,  on  gaseous  fuel,  169. 

Loomis  water  gas,  360. 

Lord,  J.  B.,  on  coal  mining  by  machinery,  373. 

Loss  in  fining  iron,  424. 

Lndington  mine,  Michigan,  phosphorus  in  the,  325. 

Luetcher,  G.  L.,  on  sampling  of  materials  ilsed  and  produced  in  the  manufacture  of 

iron  and  steel,  472. 
Lunge,  Dr.,  on  gaseous  fuel,  189. 
X«iirmanu,  F.  W.,  on  improved  Cowper  stoves,  405. 
Luxembourg  and  Russian  iron  ores,  318. 

M 

MacCoy*s  pneumatic  tool,  445. 

Iklachine,  a  cold  saw  cutting-off,  431 ;  a  new  shaping,  447 ;  a  new  wire-rolling  430 ; 
automatic  testing,  469  ;  coal  mining,  375  ;  for  making  wire  rope,  447 ;  for  roll- 
ing wheels,  431 ;  moulding,  pneumatic,  432 ;  pipe-cutting  and  threading,  446 ; 
universal  milling,  446. 

Machinery,  coal  mining  by,  373 ;  pumping,  in  Nova  Scotia,  369. 

Machines,  drilling,  447 ;  riveting,  446. 

Iblaesteg,  Copp<&e  coke  ovens  at,  349.      • 

Magnesite,  calcining,  334 ;  Hungarian,  335. 

Magnetic  viscosity,  459. 

Magnetite  in  North  Sweden  and  in  the  Ural,  316 ;  mangano-magnesian,  313. 

Mallard,  M.,  on  explosives,  380. 

l^Ialleable  iron  and  steel  eye-bars,  456 ;  iron,  defects  of,  462 ;  iron,  production  of,  423. 

Manganese,  effect  of,  on  chill,  470;  ore,  in  Georgia,  324;  ores,  Chilian,  326;  ores 
of  Tennessee,  325. 

Mangano-magnesian  magnetite,  313. 

Mansfield,  G.  W.,  on  the  electrical  transmission  of  power,  373. 

Manufacture,  iron,  in  Central  Africa,  426 ;  of  iron  and  steel,  sampling  of  materials  used 
and  produced  in,  472 ;  of  open-hearth  bridge  steel,  434 ;  of  wrought  iron  direct 
from  the  ore,  423. 
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Manure,  slag  ai,  414. 

Marrel  Fr^rea,  excursion  to  works  of,  300. 

Martin,  E.  P.,  and  Evans,  D.,  on  the  result  of  blast  furnace  piBetioe  with  lime  m 

flux,  390. 
Materials  used  and  produced  in  the  manufacture  of  iron  and  iteel,  aampling  of,  472. 
Matheson,  Ewing,  on  proposed  Channel  bridge,  133 ;  on  electric  welding,  217. 
Maubeuge,  excursion  to,  807. 
Mayrille  blast  furnace,  the,  402. 
Means,  E.  C,  on  flue  dust,  408. 

Mechanical  slate  picker,  386 ;  testa  of  chrome  steel,  465. 
Medal,  Bessemer  gold,  presentation  of,  to  Bi.  Schneider,  292. 

Meissner,  C.  A.,  on  the  cost  of  production  of  pig  iron  in  Alabama  and  New  York,  511 
Members  elected  at  Paris,  list  of,  7. 

Mendel^ff,  D.,  on  the  Caucasian  petroleum  induatiy,  355. 
Mennier,  S.,  on  meteorites,  328. 
Mercier,  M.,  on  dust  in  mines,  377. 
Metal,  ingot,  for  boilers,  454 ;  for  bridges,  455. 
Metalliferous  mines,  outbursts  of  gas  in,  S31« 
Metal  sleepers,  453 ;  used  in  the  construction  of  mining  enginea,  influence  of  feoro-Blieoo 

on  the,  419. 
Meteorites,  recent  researches  on,  828. 
Meurgey,  M.,  on  a  chain  cable,  466. 
Meurthe-et-Moselle,  the  iron  ore  resources  of,  315. 
Mica  in  slag,  412. 

Micro-structure  of  iron,  the,  462 ;  of  peat,  339. 
Milling  machine,  universal,  446. 
Mill,  slag-grinding,  414  ;  universal,  431. 
Mineral  production  of  Norway,  503 ;  statistics  of  Austria-Hungary,  489  ;  of  Spain,  506; 

of  Italy,  501.     See  also  Statistics, 
Mines,  dust  in,  377 ;  electric  lighting  in,  377 ;  timbering  in,  370 ;  use  of  electrid^ 

in,  371. 
Miueville,  New  York,  iron  ore  at,  325. 
Mining,  anthracite,  364 ;  coal,  by  machinery,  373;  coal,  machine,  375 ;  electrical  tiani- 

mission  of  power  for,  372 ;  engines,  influence  of  ferro-silicon  on  the  metal  used  in 

the  construction  of,  419 ;  wedges,  876. 
Mixtures,  tests  of  foundry,  416. 
Modified  open-hearth  furnace,  434. 
Montana,  iron  ore  from,  316. 

Montgolfier,  M.  de,  remarks  of,  at  St.  Eiienne,  296. 
Moravia,  fireclay  from,  336. 
Morteer,  on  colliery  ventilation,  376. 
Moulding  machine.  pDeuroatic,  432. 
Mouncey,  C  J.,  on  explosives,  381. 
M*Sweeney,  T.,  on  puddling,  424. 
Muck,  Mr.,  on  petrogite,  381. 
Muncie,  Indiana,  natural  gas  at,  356. 
Munroe,  H.  S.,  on  tip  cradles,  332. 
Muskewitz,  I.,  on  steel  cross-ties,  453. 

N 

Nail  iron,  horse-shoe,  450. 

Nails  from  tin  scrap,  450. 

Nash,  L.  H. ,  on  a  universal  milling  machine,  446. 

Natal,  iron  trade  statistics  of,  602. 

Natural  gas  at  Muncie,  Indiana,  356 ;  coal  and,  356 ;  of  Fayette  Count7/356. 


INDEX.  537 


Newberry,  J.  S.,  on  ooal  and  natoral  gas,  356. 

New  Caledonia,  coal  in,  348. 

New  coke  OYen,  348. 

New  Jersey,  iron  ore,  prodnotion  of,  514. 

New  York,  iron  industry  of,  612. 

New  Zealand,  oil  in,  352. 

Nicolaysen,  C.,  on  explosives,  381. 

North- Western  Colorado  coal  region,  344. 

Norway,  trade  statistics  of,  503. 

Nova  Scotia,  coal  miniog  in,  362 ;  pumping  machinery  io,  369. 

Norsey,  P.  F.,  on  explosives,  382. 


Oakman,  R.  N.,  jun.,  on  Loomis  water  gas,  360. 

Oil  as  fnel,  352 ;  in  New  Zealand,  352. 

Oil  fields,  Beluchistan,  352 ;  Burmese,  352. 

Open-hearth  bridge  steel,  manufacture  of,  434 ;  furnace,  modified,  434. 

Ore,  manufacture  of  wrought  iron  direct  from  the,  423 ;  unreduced,  passing  through  a 

blast  furnace,  391. 
Orsova,  chrome  iron  ore  from,  316. 
Outbursts  of  gas  in  metalliferous  mines,  331. 


Page,  W.  N.,  on  coal  in  West  Virginia,  346 ;  on  ooal  transfer,  385 ;  on  the  iron  ore  in 

West  Virginia,  326. 
Parker,  O.  H.,  on  nails  from  tin  scrap,  450. 
Patterson,  S.  B.,  on  the  valuation  of  iron  ores,  329. 
Pattinson,  J.  and  H.  S.,  on  the  Chilian  manganese  ores,  326. 

J.,  on  Brazilian  coal,  342. 

Peat,  nlicro-structure  of,  339. 

Peohin,  E.  C,  on  Virginian  iron  ores,  326. 

Pennsylvanian^limestone,  335. 

Petit,  Mr.,  on  the  calorific  power  of  carbon,  337. 

Petroleum,  asphalt  and,  355 ;  exports  of  Russia,  504 ;  industry,  Caucasian,  355. 

Pforten,  O.  von  der,  on  titanic  iron,  327. 

Pig  iron,  American,  408 ;  exports  of,  from  Spain,  505 ;  for  wheels,  421 ;  production  of 

the  United  Kingdom,  486;  of  the  United  States,  506;  cost  of  production  of, 

in  Alabama  and  New  York,  514;  production  of,  in  Italy,  501 ;  Spanish,  409 ;  the 

grading  of.  417. 
Pipe^utting  and  threading  machine,  446. 
Pipe,  hot-blast  stove,  406. 
Pipes,  detection  of  defective  welds  in,  444. 
Phillips,  W.  B.,  on  the  basic  Bessemer  process  in  the  United  States,  516 ;  on  slag  as 

manure,  414. 
Phosphorus,  determination  of,  476 ;  in  iron,  influence  of  silicon  on  the  determination 

of,  477 ;  in  the  Ludington  mine,  Michigan,  325. 
Physical  properties  of  steel  at  high  temperatures,  460. 
Planchard,  Mr.,  on  timbering  in  mines,  370. 
Plate  bender,  430. 

Plates,  armour,  455 ;  rolls  for  bending  corrugated,  429 ;  tin,  449. 
Piatt,  S.  R.,  remarks  on  proposing  vote  of  thanks  to  the  President,  284. 
Plate,  B.,  on  dust  from  coke  oven  gases,  351 ;  on  the  determination  of  zinc  in  iron  ores, 

484. 
Plom  and  d'Andrimont,  Messrs.,  on  enlarging  bore  holes,  370. 
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Pneumfttic  hydninlic  forging  prets,  429 ;  moalding  machine,  432 ;  too!,  MaoCSoy'i,  445^ 

Poetsch  syttem  of  sinking  shafts,  365. 

Poole,  H.  S.,  on  pumping  machinery  in  Nova  Scotia,  369. 

Porte,  M.,  on  coal  in  New  Caledonia,  343. 

Post,  M.  J.  W.,  on  rails,  451. 

Potter,  E.  C,  on  oil  as  fuel,  354. 

Pouff,  P.,  paper  on  a  new  form  of  Siemens  furnace.    See  Head,  John, 

Pourcel,  A.,  on  alloys  of  iron  and  silicon,  245. 

Process,  basic  Bessemer,  in  the  United  States,  516 ;  sand  core,  443. 

Production  of  malleable  iron,  423 ;  of  pig  iron,  blast  furnace  practice,  388 ;  in  Germanj, 
497 ;  in  the  United  States,  606  ;  of  steel,  433.     • 

Progress  in  dephosphorising  iron,  recent,  433. 

Properties  of  steel,  physical,  at  high  temperatures,  460. 

Prott,  C,  on  pneumatic-hydraulic  forging  press,  429. 

Prussia,  iron  trade  statistics  of,  498. 

Pratt,  J.  H.,  on  Alabama  iron  ores,  322. 

President's  address  at  Paris. — Growth  of  the  Institute  since  the  former  Paris  meetins, 
3 ;  production  of  coal,  3 ;  of  pig  iron,  4 ;  of  ateel,  4 ;  exports  of  iron  and  sted, 
4;  the  Eififel  Tower  and  French  metallurgy,  4;  the  Siemens-Hartinpirocess,5; 
M.  de  Wendel's  experiments,  5 ;  H.  Gmner  and  basic  linings,  5  ;  deTelopment  of 
basic  steel  process,  5 ;  production  of  basic  slag,  6 ;  alloys  of  iron,  6  ;  steel  castiafs, 
6 ;  services  rendered  to  metallurgy  by  the  Institute,  7» 

President,  remarks  in  acknowledging  reception  of  Institute,  2 ;  as  to  Bessemer  medsl, 
2 ;  on  Professor  Jordan's  paper,  38 ;  on  Schneider  k  Co.  and  M.  Henent*s  paper, 
128,  131 ;  on  electric  welding,  220;  on  Mr.  Hadfield*8  paper  on  **  alloys  of  im 
and  silicon,"  255 ;  on  Mr.  Head*8 paper  on  "new form  of  Siemens  famaee,"  265; 
votes  of  thanks  proposed  by,  283  ;  vote  of  thanks  to,  284. 

Press,  forging  drop,  428 ;  forging,  hydraulic,  comparison  of  steam-hammer  and,  427 ; 
hydraulic,  429 ;  pneumatic-hydraulic  forging,  429. 

Pressure,  hydraulic,  treatment  of  steel  by,  439. 

Pseudomorphs  of  haematite  after  iron  pyrites,  329. 

Puddling,  424 ;  furnace,  the  Springer  gas,  425 ;  furnaces,  gas-fired,  424. 

Pumping  machinery  in  Nova  Scotia,  369. 


Rail  sections,  450. 

Kails,  rusting  of,  in  tunnels,  470 ;  steel,  the  tensile  strength  of,  465. 

Railway  axles,  452  ;  fires,  fracture  of,  453. 

Rateau,  Mr.,  on  colliery  ventilation,  376. 

Recent  progress  in  depbosphorisiug  iron,  433 ;  researches  on  meteorites,  328. 

Reduction  of  ferric-sulphate,  483. 

Reiuhardt,  C,  on  the  determination  of  chromium,  480;  on  the  determination  of  copper 

in  iron,  481. 
Reis,  M.  A.  von,  on  the  determination  of  arsenic  in  iron,  481 ;  on  the  determination  of 

carbon  in  iron,  475  ;  on  the  determination  of  sulphur  in  iron,  479. 
Rcmaury,  H.,  on  the  iron  ore  resources  of  Meurthe-et'Moselle,  315. 
Reopening  of  the  Tilly  Foster  iron  ore  mine,  329. 
Resicza  basic  opcn-bcarth  works,  the,  435. 
Result  of  blast  furnace  practice  with  lime  as  flux,  388. 
Rhodes,  C.  E.,  on  the  Thomburry  safety  lamp,  379. 
Richards,  0.,  on  a  pneumatic  moulding  machine,  432. 

W.,  on  the  result  of  blast  furnace  practice  with  lime  as  flux,  390. 

Kigg,  J.,  on  coal  transfer,  385. 
Riley,  E.,  on  gaseous  fuel,  170. 
Riveting  machines,  446. 
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Silicon  and  iron,  aMojB  of,  see  Hctdfitld^  R,  A.;  determination  of,  478 ;  mfluenoe oC, on 

the  determination  of  phosphoras  in  iron,  477. 
Siemens  famaoe,  a  new  form  of,  arranged  to  recorer  watte  gaies  as  well  as  waste  bett, 

256. 
Sinking  appliances  at  Llanbradach,  366. 

Slag,  a  Fayalite,  412  ;  as  manure,  414  ;  grinding  mill,  414 ;  mica  in,  412L 
Slags,  blast  fornace,  412. 
Slagging  valre,  tuyere,  407. 
Slate-picker,  mechanical,  386. 
Sleepers,  metal,  453. 
Soaking  pit,  the  Gjers,  440. 
Softeners,  use  of,  in  foundry  practice,  415. 

Solly,  R.  H.,  on  pseudomorphs  of  hematite  after  iron  pyrites,  326. 
Smith,  O.,  on  nails  from  tin  scrap,  450. 

Watson,  on  gaseous  fuel,  193. 

Smock,  J.  C,  on  the  iron  industry  of  New  York,  512. 

Snell,  A.  T.,  on  electrical  transmission  of  power  for  mining,  372. 

Spain,  transport  of  iron  ore  in,  330 ;  trade  statistics  of,  505. 

Spanish  mines,  accidents  in,  505  ;  pig  iron,  409. 

Spiral  drams,  the  equalisation  of  load  on  winding  engines  by  the  employment  of,  366. 

Sprenger,  J.,  on  long  wall  working  at  the  Konig  Colliery,  364. 

Springer  gas  puddling  furnace,  425. 

Statistics  of  the  United  Kingdom,  486 ;  Austria-Hungary,  489 ;  Belgium,  490 ;  Chiaa, 

491;  France,  492;  Germany,  497;  Italy,  501 ;  Japan  and  Natal,  502;  Norwsy 

and  Russia,  503 ;  Spain,  505 ;  United  States.  606. 
Steam-hammer  and  hydraulic  press  forging,  comparison  of,  427. 
Steel,  Bessemer,  470 ;  bridge,  manufacture  of  open-hearth,  434 ;  chrome,  mechanicsl 

tests  of,  465  ;  cross-ties,  453 ;  for  gun  barrels,  468  ;  HungarisA  basio,  tensile  tests 

of,  466 ;  ingots,  casting,  441 ;  physical  properties  of,  at  high  temperatures,  460 ; 

process,  Robert-Bessemer,  see  Oarriton,  F,  L,;  production  of,  433;  rails,  the 

tensile  strength  of,  465;  tires,  the  strength  of  Bessemer,  463;  treatment  of,  bj 

hydraulic  pressure,  439. 
Steelworks,  the  Rothe  Erde,  437. 

Stefan,  H.,  on  the  Foetsch  system  of  shaft  sinking,  366. 
Stein,  S.,  on  surface  tints  on  iron  and  steel,  460. 
Stevenson,  A.  L.,  on  colliery  ventilation,  376. 
Stove,  pipe  hot-blast,  406. 

Stoves,  firebrick  hot-blast,  405 ;  improved  Cowpcr,  405. 
Strain,  hysteresis  in  the  relation  of,  to  stress,  458. 
Strength  of  Bessemer  steel  tires,  463 ;  the  tensile,  of  steel  rails,  465. 
Strobel,  Y.  O.,  on  firebrick  hot-blast  stoves,  405. 
Sulphur,  determination  of,  in  iron,  479 ;  estimation  of,  in  coal,  485. 
Supply  of  iron  ore  in  the  United  States,  513. 
Surface  tints  on  iron  and  steel,  460. 
Sweden,  North,  magnetite  in,  316. 


Tapping  machine,  automatic  vertical,  445. 

Tate,  S.,  on  the  banking-out  and  screening  plant  at  East  Hetton  Colliery,  386. 

Taylor  gas-producer,  362. 

Temperatures,  physical  properties  of  steel  at  high,  460. 

Tennessee  manganese  ores,  325. 

Tensile  strength  of  steel  rails,  465 ;  tests  of  Hungarian  basic  steel,  466. 

Testing  cast  iron,  421 ;  machine,  automatic,  468 ;  wire  ropes,  463. 

Tests,  drifting,  466 ;  of  foundry  mixtures,  416 ;  tensile,  of  Hungarian  basic  steel,  466. 
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Texas  iron  fields,  825. 

Thermo-chemUtry,  471. 

Thompson,  W.,  on  the  determination  of  the  calorifio  power  of  fuel,  838;    electric 

welding  process,  see  Fish,  W,  C. 
Thomhorry  safety  lamp,  379. 
Thdmer,  on  the  rusting  of  rails  in  tunnels,  470. 
Threading  machine,  pipe-cutting  and,  446. 
Timbering  in  mines,  370. 
Tin  plates,  448 ;  scrap,  nails  from,  450. 
Tints,  surface,  on  iron  and  steel.  460. 
Tip  cradles,  332. 

Tires,  railway,  fracture  of,  453;  the  strength  of  Bessemer  steel,  468. 
Titanic  iron,  327. 
Titration  of  iron,  483. 
Tongs,  hydraulic  crane  and,  431. 
Tool,  MacCoy*s  pneumatic,  445  ;  works,  443. 
Townsend,  R.  A.,  on  Beluchistan  oil  fields,  353* 
Transmission  of  power,  electrical,  for  mining,  372. 
Transport  of  iron  ore  in  Spain,  330. 
Traver,  J.  J.,  on  Tennessee  manganese  ores,  325. 
Treatment  of  steel  by  hydraulic  pressure,  439. 
Tunnels,  rusting  of  rails  in,  470. 

Turner,  T.,  on  alloys  of  iron  and  silicon,  250 ;  on  surface  tints  on  iron  and  steel,  460. 
Tuyere  slagging  valve,  407 ;  stock,  the  Roberts,  407. 
Tjrlden- Wright,  C,  on  proposed  Channel  bridge,  130. . 


Uppeb  Silesia,  iron  trade  statistics  of,  499. 

XJnieuz.  works  of,  excursion  to,  295. 

United  Kingdom,  trade  statistics  of,  486. 

United  States,  water  gas  in.  360 ;  trade  statistics  of,  506, 

Universal  mill.  431 ;  milling  machine,  446. 

Ural,  magnetite  in  the,  316. 

Unreduced  ore  passing  through  a  blast  furnace,  39L 

Use  of  electricity  for  blasting,  379  ;  in  mines,  371. 

Use  of  softeners  in  foundry  practice,  415.  , 


Valsntinb,  S.  G.,  on  the  desulphurisation  of  iron  ores,  833. 

Valuation  of  iron  ores,  329. 

Valve,  tuyere  slagging,  407. 

Ventilation,  colliery,  376 ;  of  a  Prussian  iron  ore  mine,  83L 

Virginian  iron  ores,  326. 

Viscosity,  magnetic,  459. 

Vogt,  J.  H.  L.,  on  mica  in  slag,  412. 

Votes  of  thanks  to  Professor  Jordan,  88 ;  to  MM.  Schneider  and  Henent,  131;  toW.  C. 
Fish,  220 ;  to  R.  A.  Hadfield,  255 ;  to  John  Head,  265 ;  to  F.  Lynwood  Garrison, 
283 ;  to  the  SoeiUi  des  Ingenieun  CiviU  and  the  SoeUti  d^Bneouragtment^  283 ; 
to  owners  of  works,  railway  companies,  and  Mr.  Chapman,  284 ;  to  President,  284. 

.w 

Wairwsioht,  J.  T.,  on  firebrick  hot-blast  stoves,  406. 
Walckenaer,  M.  C,  on  rails,  451. 
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Waller,  E.,  on  analyiea  of  iron,  411. 

WallU,  T.  M.  W.,  on  eleotrio  lighting  in  minM,  S77. 

Walsh,  K,  on  blast  furnace  lines,  393. 

Water  gas,  359 ;  in  the  United  States,  360 ;  Loomis,  36a 

Watts,  N.,  on  controlling  converters  and  ceotre  cranes,  436. 

Wedding,  H.,  on  horse-shoe  nail  iron,  50;  on  the  tensile  strength  of  ateel  rails,  465. 

Wedges,  mining,  376. 

Weight  per  cubic  foot  of  broken  anthracite,  387. 

Welding,  electric,  of  a  wire  cable,  441.     See  Fith,  TT.  C 

Welds,  defective,  detection  of,  in  pipes,  444. 

West  Virginia,  coal  in,  34G  ;  iron  ore  in,  326. 

Wheels,  a  machine  for  rolling,  431  ;  pig  iron  for,  421. 

White,  J.  C,  on  the  age  of  the  Tipton  Run  coal,  Pennsylvania,  347. 

Whitfield,  J.  £.,  on  meteorites,  328. 

Whitney,  A«  W.,  on  pig  iron  for  wheels,  42L 

Wiggert,  Mr.,  on  the  fireclay  industry  of  Grossalmerode*  334. 

Wildy,  Mr.,  on  water  gas,  156. 

Winding  engines,  equalisation  of  load  on,  by  the  employment  of  spiral  drums,  366. 

,  Koepe  system  of,  366. 

Wire  cable,  electric  welding  of  a,  441. 

—— ^  rolling  machine,  a  new,  430  ;  ropes,  machine  for  making,  447  ;  testing,  463. 

Wisconsin,  the  flax  seed  ore  of,  320 ;  the  Hinkle  charcoal  fumaoe,  403. 

Woodbridge,  T.  B.,  on  the  determination  of  phosphorus,  476. 

Wood,  Giiarles,  on  electric  welding,  219 ;  on  alloys  of  iron  and  silicon,  252. 

Works,  the  Resicza  basic  open-hearth  works,  436  ;  tool,  443.    See  Excurtiang, 

Wright,  Dr.  Alder,  on  gaseous  fuel,  195. 

Wrought  iron  and  steel,  production  of,  in  Italy,  502 ;  manufacture  of,  direct  from  the 

ore,  423. 
Wurtz,  H.,  on  asphalts,  356 ;  on  the  classification  of  fuel  gases.  357. 

z 

ZiNO,  the  determination  of,  in  iron  ores,  484. 
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THE  IRON  AND  STEEL  INSTITUTE. 


RULES. 

1.  The  Society  shall  be  designated  "Thb  Iron  and  Stebl  Inbhtutb." 

2.  The  objects  of  the  Institute  shall  be — 

To  afford  a  means  of  communication  between  members  of  the 
Iron  and  Steel  Trades  npon  matters  bearing  upon  their 
respective  manufactures,  excluding  all  questions  connected 
with  wages  and  trade  regulations. 

To  arrange  periodical  meetings  for  the  purpose  of  discnsaiDg 
practical  and  scientific  subjects  bearing  upon  the  manufsctnre 
and  working  of  iron  and  steel. 

Section  L — Constitution. 

3.  The  Institute  shall  consist  of  members  who  shall  be  more  than 
twenty-one  years  of  age,  and  shall  have  one  or  other  of  the  following 
qualifications : — 

(a)  Persons  practically  engaged  in  works  where  iron  or  steel 

is  produced  or  worked. 

(b)  Persons  of  scientific  attainments  in  metallurgy,  or  speciaUv 

connected  with  the  application  of  iron  and  steeL 

It  shall  be  within  the  province  of  the  Council  to  elect  Honoiarj 
Members,  the  number  not  to  exceed  twenty. 

Section  IL — Election  of  Members. 

4.  A  recommendation  for  admission  according  to  Form  A  in  the 
Appendix  shall  be  forwarded  to  the  Grenend  Secretary,  and  by  him  be 
laid  before  the  Council  The  recommendation  shall  be  in  writings  and 
be  signed  by  not  fewer  than  three  members. 

5.  Such  applications  for  admission  as  are  approved  by  a  minority  of 
the  Council  shall  be  inserted  on  a  voting  list  This  voting  list  ^all 
specify  the  name,  occupation,  address,  and  proposers  of  the  candidates, 
and  shall  be  forwarded  to  the  members  at  least  fourteen  days  previoo* 
to  the  next  genetal  meetin^^  when  the  lists  that  have  been  returned  to 
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purpose  of  conBidering  the  diBSoIution ;  and  after  confirmation  bj  a 
similar  vote,  at  a  subsequent  meeting,  to  be  held  not  less  than  tbiee,  cff 
moie  than  six  months  after  the  first ;  and  notice  of  this  last  meeting 
shall  be  duly  advertised  as  the  Council  or  a  general  meeting  may  adiise. 


APPENDIX. 


FORM  A. 

Mr.  A.  R  (address  in  full),  being  of  the  required  age,  and  desirous  of 
becoming  a  member  of  the  Iron  and  Steel  Institute,  we,  the  undersigned, 
from  our  personal  knowledge,  do  hereby  recommend  him  for  election.! 

His  qualifications  are     . _     . 


Witness  our  hands  this .  day  of 18  ^ 


I      Nameiof 
>        Three 
)      Atcpiben* 


FORM  B. 

Sib, — I  beg  to  inform  you  that  on  the you  were  elected  t 

member  of  the  Iron  and  Steel  Institute,  but,  in  conformity  with  the 
Bules,  your  election  cannot  be  confirmed  \mtil  the  accompanying  fonn  be 
returned  with  your  signature,  and  until  your  entrance  fee  and  first  annual 
subscription  (amount  £ )  be  paid  to  ma  If  the  first  subscrip- 
tion is  not  received  within  two  months  of  this  date,  your  election  will 
become  void. 

I  am,  Sir,  your  obedient  Servant, 


, 


General  Secretary. 

.day  of  __18 


BULKS.  IX 


FORM  C. 


If  the  undersigned,  being  elected  a  member  of  the  Iron  and  Steel 
Institute,  do  hereby  agree  that  I  will  be  governed  by  the  regulations 
of  the  said  Institute,  as  they  are  now  formed,  or  as  they  may  be  hereafter 
altered ;  that  I  will  advance  the  interests  of  the  Institute  as  far  as  may 
be  in  my  power ;  provided  that,  whenever  I  shall  signify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  my  name  therefrom,  I 
shall  (after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that 
period)  be  free  £x)m  this  obh'gation. 

Witness  my  hand  this ..day  of 18 


FORM  D. 

Sm, — I  am  directed  to  inform  you  that  your  subscription  to  the  Iron 

and  Steel  Institute,  amounting  to ,  is  in  arrear,  and  that  if  the 

same  be  not  paid  to  me  on  or  before  the day  of 

18.^ ,  your  name  will  be  removed  from  the  lists  of  the  Institute. 

I  am,  Sir,  your  obedient  Servant, 

,  Oeneral  Secretary. 


LIST  OF  MEMBERS. 


CORRECTED  TO  DECEMBER  31^,   1889. 
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HONORARY  MEMBBRa 

AKERMAN,  Professor  R,  Bergsskolan,  Stockholm. 
BELGIANS,  H.M.  LEOPOLD  H.,  KING  OF  XHE,  Brussels. 
HEWITT,  Hon.  ABRAM  S.,  New  York,  U.S.A. 
TUNNER,  PETER  RITTER  VON,  Leoben,  AustriiL 
WALES,   H.R.H.  ALBERT  EDWARD,   PRINCE  OF,  KG., 

K.T.,  KR,  G.C.B.,  G.C.S.I,  &c.,  Marlborough  Hoqm,  Fkll 

Mali,  S.W. 


Eleetod 
Member 

1878 


ORDINARY  MEMBERS. 

Those  Marked  *  arc  Original  Members. 


Abel,  Sir  Fredk.  Augustus,  C.B.,  F.RS., 

Royal  Arsenal^  Woolwich^  S,E. 
1870     Adams,  George, 

Priestfieldsy  near  Wolverhampton. 
1869    ^Adamson,  Daniel, 

Tlie  Towers,  Didsbury,  near  Manchester. 
1872    *Addie,  James, 

Langloan  Iron  Works,  Coatbridge,  N.B. 
1869   *Addie,  John, 

Langloan  Iron  Works,  Coatbridge,  N.B. 
1889     Adler,  Harmer, 

Cfiicago,  U.S. A, 
1880     Addymau,  Thus., 

West  Gorton,  Manchester. 
1888     Ainslie,  Frank, 

S.  Linda  I  Moor  Mines,  Ulverston. 
1869   ^Ainslie,  W.  G.,  M.P., 

23  Abingdon  Street,  London,  S.  W. 
1872      Ainsworth,  George, 

Consett  Iron  Works,  Consett,  County  Durham^ 
1887      Aird,  John, 

37  Great  George  Street,  Loudou,  S.W, 


Elected 
Member 

1869 
1881 

187s 
1880 

1887 

1883 

187s 
1880 

1872 

1880 

1869 

1886 

187s 
1879 

1874 
1871 
1889 
1880 
1874 
1875 
1883 
188s 
1880 

1873 
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*Aitken,  Henry, 

Almond  Iron  WorkSf  Fa2ktrk,  N,B, 
Akrill,  Charles, 

Golds*  Green  Foundry ,  West  Bromunch, 
Albright,  A., 

Jdariemant,  Birmingham, 
Alger,  Charles, 

Hudson,  New  York,  U.S.A. 
Allan,  Qeorge, 

Comgreaves  Works,  Birmingham. 
Allan,  T.  A., 

IT^e  Tharsis  Mines,  ffuelva,  Spain. 
Allen,  Alfred  H., 

I  Surrey  Street,  Sheffield. 
Allen,  H., 

Enddiffe,  Sheffield. 
Allen,  William  Daniel, 

Bessemer  Steel  Works,  Sheffield. 
Allen,  W.  Edgar, 

Imperial  Steel  Works,  Saville  Street,  Sheffield, 
*Alleyne,  Sir  John  G.  N.,  Bart, 

Cevin,  Belper. 
Alley,  Stephen, 

Sentinel  Works,  Glasgow. 
Alleyne,  Reynold  Henry  Newton, 

Leeds  Old  Foundry,  March  Lane,  Leeds. 
Allison,  Hy.  Thoa, 

Grosmont  Iron  Works,  Grosmont,  by  York. 
Allport,  Charles  J., 

I I  Fusion  Square,  London,  N.  W. 
Allport,  Howard  Aston, 

Dodworth  Grove,  Bamsley, 
Anderson,  Alexander, 

12  Wellington  Road,  Old  Charlton,  S.E. 
Anderson,  C, 

3  Belmont  Grove,  Leeds. 
Anderson,  Samuel, 

WeUhury  Iron  Works,  Wiltshire. 
Anderson,  William, 

Lemey  House,  Erith,  Kent 
Anderson,  W., 

Stockton-on-Tees. 
Andrew,  Hy.  Herbert, 

Bannwor,  Sheffield. 
Andrew,  J.  A., 

Toledo  Steel  Works,  Sheffield. 
Angus,  Robert, 

Lugar  Iron  Works ^  Cumnock,  Ayrzhir^^ 
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1875 
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188s 
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1880 

1889 

1879 
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1881 

1873 
1872 

1877 
1887 

1873 
1874 

x88o 
1869 
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Annable,  W., 

Waodwilly  Grimes  Thorpe^  Shefidd, 
Anstice,  R.  £., 

Madeley  Wood,  Iron  Bridge,  Salop, 
♦Annstroiig,  Lord,  C.B., 

EUwick  Iron  Works^  Neweasde-on-Tyne, 
Arrol,  James  C, 

18  Blyihswood  Square,  Glasgow, 
Arrol,  Thomas  A., 

GermisUm  Iron  Works,  Glasgow, 
AschersoD,  E., 

20  Ahchurch  Lane,  Cannon  Street,  E,C. 
Aahbiirj,  Thomas, 

Ash  Grove,  Victoria  Park,  Longsight,  Jfanchester, 
Aspinall,  Jno.  A.  F., 

Femhank,  HecUon,  Boltonrte-Moors, 
Asthower,  Frederick, 

Ammen,  Westphalia, 
Atkinson,  A.  J., 

44  London  Square,  Bute  Street,  Cardif. 
Atkinson,  Edward  T., 

24  Erlanger  Road,  New  Cross,  S.E, 
Atkinson,  M.  H., 

21  Windsor  Terrace,  Newcastle-on-Tyne, 
Austin,  Kenneth  S., 

Washwood  Heath  Road,  Birmingham, 


Baare,  Fritz, 

Bochum,  TVestphalia^ 
Bagley,  Charles  Jno., 

Moor  Iron  Works,  Stockton-on-Tees, 
Bagnall,  Thomas, 

Grosmont  Iron  Works,  vid  York, 
Bagshawe,  Washington, 

Monkbridge  Iron  Works,  Leeds, 
Bailey,  William  H., 

Salford,  Manchester, 
Bain,  Sir  James 

3  Park  Terrace,  GUisgow, 
Bain,  J.  R, 

Harrington  Iron  Works,  Harrington,  Cumberland, 
Baird,  Geo., 

Fulmer,  Slough, 
*Baldwin,  Alfred, 

Wilden,  near  StourpoH, 
Bamfortli,  Tlios., 

Carroii  Iforfcs,  Fsxlkirk,  ^V,//, 
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ir 


!»3 


fOndoH  Bridge, 
uanpton. 


^orh,  AtUrdiffe,  SktgUld. 
'iwAf,  WortingloK. 


Urn  Road,  MatuAater. 

Utter. 

^itadelpMa,  U.S.A. 

u  Rival,  Siiboa,  Spain. 

'reai,  Caitada. 

r,  Jefferton  Co.,  Alabama,  U.S.A. 
Work*,  Cam/orth. 
>nlalaire,  Frtawt, 
k,  V.SA. 
.  London,  E.C. 


i88o 
1886 
1883 
1878 
1889 
1884 
1884 
t88i 
1882 
1889 
1874 
1886 
1876  I  Belt, 
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BajlisB,  Mosoa, 

St.  OulAtret,  Wat  SttOk  Road,  BamptUad,  /f.W. 
Bear,  T.  Drew, 

113  Qium  Victoria  Street,  Londtm,B.C. 
Beaid,  A., 

Buiidingt,  Stpantea. 


GUugou. 

and  Sttel  Work*,  Glatgow. 

MHIm,  Glaigov. 

Sttel  Worktl  Shefietd. 

Franee. 

10,  SI.  Pelertburgk. 

JForh,  SheffiM. 
H., 
KnoU  Milt  Iron  Worla,  Maaehater. 


Iroa  Worh,  Manchattr. 
I  Victoria  Plact,  Stirling. 


1883  i  BeU,  H.  S., 

!  6  DeiiU  Road,  Wandtworlh  Common,  London,  S.  W. 

1869  '*BoU,  Sir  Lowthian,  Bart.,  F.RS., 

I  KotttttoH  Grange,  Sorthallerion. 

1880      Bell,  Robert, 

I  Clifton  Hall,  Itatho,  Edinburgh. 

1869  '•Btll,  Thomas, 

Oaku^oJ,  Eppiitg. 
1S69  l*BeU,  T.  Hugh, 

j  Clarence  Iron  Works,  Middlesbrough. 

188C  '  Bell, 


,  Manelicster. 

Benne.  ,       mes, 

12  l/aindtoii  Drive,  Glai^ow. 
I  Benson,  R.  Seymour, 
1  IIa,,e  Iron  Works,  Slockton-on-Tai. 
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Terract,  DarH»gU)fH.^ 


London,  S.S. 

dtbank,  Glasgow. 

oige 

rtntvMd,  Pendleton,  ifanchtiter. 

lederick  S., 

iktlttf,  Swaniea. 

I  Workt,  Sptnnymoor,  OouiUy  Durham. 

885  I  Blaii,  Geotge  Maclellan, 

CIvUm  Iron  Worfa,  Olatgme. 
1S85      Blair,  James  Maclellau, 

Olniha  Iron  Workt,  GUagow, 
1875     Blair,  Thomas, 

ird,  Haymariet  CKamhtri,  Shfffield. 
1878 

1879 


1878 
1869 
1869 


1869 


Road,  Cardiff,  QlamorganiJure. 


a,  ntar  tfarriuglon. 
<nany. 
Qemany. 
Soute,  Neui  Broad  Slreet,  London,  B.C. 
MiddUtbrough, 


,  W., 

Mgrave  Sill,  Radey-on-Thamei. 

eorge, 

wcaiUe  Ckamhen,  Nottingham. 

;  Ludwig, 

Igo-Tarjan,  Hungary. 
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Sttd  Ca$tingt  Omipany,  OjienAav,  JlmAa 
Trim  Wvrh,  MtmekMtr. 
rttcent,  Glaigov, 
nJUld,  MandtaUr. 
>  Stn^,  E.G. 

ad,  Wolwerhamploii. 

Birmingham. 

Skefitid, 
I.,  Bart., 
rgi  Streat,  WtitmuulM;  S.W. 

ne,  London,  W. 

U,  Dortmund,  Oenamty. 

Street,  Sunderland. 

ionu. 
G.  T., 
ti  Bobrek  Ober-SchUtitn,  Gtrmanj/. 

Plait  Worht,  Cinder/ord, 

Street,  London,  B.C. 

near  Xanehater. 

Edinburgh. 

Attrineham,  Manektxter. 

Portheatel,  near  Bridgend. 

''errace,  GateAeaJ-on-Tyne. 

^.uddertfidd. 
turkUl, 
Tht  ffagg,  W<\dtUii  Bridqe. 


WorJu,  Toiavu,  QloMgow. 
Road,  Lambdh,  London,  S.E. 
or,  Ti&  Gan^orth. 


John, 
Ealing  Dean,  W. 


and  Sud  Conqianj/,  Limited,  WaltalL 
ustice, 
IK  Fotindrj/,  WaltaiL 

G., 
Gouldon  Botue,  Shelion,  Stake-on-Trmt. 

mi 

13  Aintlie  Place,  Edinburgh. 
Brundreth,  Alex., 

^orkt,  Rhymnej/. 

Wealmintter,  &  W 
Brostlein, 

W,  d'Unieux,  Loire,  France. 

£  Co.  {Limited),  Derby. 

Llanelly. 

Oldham, 
Buckton,  Walter, 

27  Ladbroix  Square,  IfoUing  Hill,  W. 
Biidd,  Edward  Fraser, 

Brierlty  UHl, 
Bull,  James, 


73  Mark  Lane,  London,  B.C. 
Bullock,  Cyras, 

67  King  Street,  Manchttter 
Bullock,  Joseph  H., 

PehM  Iron  Works,  WaitaiL 
Butming,  Charles  Z., 

3  RickrMmd  Hill,  Nonoich 


l8«3 

1883 

1870 

I88I 
1873 
1875 
1883 
1876 
1881 
1880 

1883 
1883 

1873 
J  876 

1874 
1889 

1883 
1882 
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Foundry,  Oltugoia. 

8ud  Works,  LoxUy,  near  Shtfidd. 

Troy,  Ifeu)  York,  U.S.A. 
Bnm,  R  Scott, 

Oak  Lea,  Edgelejf  Soad,  near  Stodtport. 


CttA,  Pall  MaO,  London,  S.  W. 


Woodland*,  Wigan,  Laneathirt. 
Bush,  Georga, 

Rvtiand  Soute,  Lee  Park,  B.B, 
Buflh,  Dudley,  J.  C, 

Fort  Monte,  South  Molton,  North  DeKm. 
Butler,  B.  R, 

Forge,  Leedt. 

Zetdt. 

itar  Newport,  MoKmouthihire. 

Howe,  CroeieUy  Soad,  Handneorth,  Birmingh- 

Ulveriton. 

near  Northampton, 

ilinghorovgh. 


Houtt,  Shipley,  Yorkthirt, 
'■^Sl^S.  Henry, 
The  Farre  Close,  Brighouie,  Yorhhirt 


Campbell,  Daniel, 

Harbridge,  Cal/ord  Hill,  3.E. 
'Carbutt,  E.  Hamer, 

19  Ugdt  P<xrk  GanZnw,  IT. 


ORDINARY  MEMBERS.  ZIX 

Elected 
Member 

1878  Cannon t,  William  Haselwood, 

Mansjield  Chambers^  St.  AnrCs  Square,  Manchester. 

1879  Carnegie,  A., 

23  Broad  Street,  New  York^  U.S. A. 
1883      Carr,  Edward, 

59  Sinclair  Hood,  West  KensingUm  Park,  W. 

1871  Carrington,  Arthur, 

Wingerworih  Iron  Works,  Chesterfield. 

1 88 1  Carruthers,  Ben., 

Worsbro*  Park,  Bamsley. 
1880'     Carson,  W., 

Wallasey,  Birkenhead. 

1888  Carter,  William  Allan, 

5  SL  Andrew  Square,  Edinburgh, 

1872  Cassels,  Jno.  R, 

Glasgoio  Iran  Works,  Olasgow. 

1 87 1  Cassels,  Robert, 

168  ^S'^.  Vincent  Street,  Glasgow. 
1877      Casson,  Eichard  Smith, 

Bound  Oak  Iron  Works,  BrierUy  HilL 

1883  Cavendish,  Lord  Edward,  M.P., 

Holker  Hall,  Grange,  Lancashire. 
1886     Cawley,  George. 

358  Strafid,  W,C. 

1889  Chadwick,  David, 

36  Coleman  Street,  London,  E.C» 

1876  Chambers,  A.  M., 

Thomcliffe  Iron  Works,  Sheffield. 

1872  Chanove,  Gabriel, 

Rue  de  la  Thaina  11,  Paris. 
1872     Chapman,  Henry, 

113  Victoria  St.,  Westminster,  S.  IT.,  and  1  o  RueLaffitte,  Paris, 

1882  Chapman,  John  G., 

Tower  Hill,  MiddletonrOne-Row,  Darlington. 

1884  Charlton,  Hy., 

Gateshead  Iron  Works,  Gateshead, 

1885  Charlton,  Wm., 

Guisbrough,  Yorkshire. 

1877  Chatwood,  Samuel, 

Dronknaler  Park,  Prestwick,  Lancashire, 
1872      Cheesman,  Wm.  T., 

Hartlepool. 

1883  Cherrie,  J.  M., 

2 1  Hope  Street,  Glasgow. 
1 882     Church,  Richard  F. ,  M. I. C.E. , 

I  Victoria  Street,  Westminster. 
1888     Clapp,  Geo.  K, 

95  Fifth  Avenue,  Pittsburgh,  U.SA. 
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1882 
1888 
1869 
1882 

1875 
1879 

1869 

1883 

1887 

1884 

1888 

1883 
1883 
1870 
1881 
1877 
1883 
1880 
1886 
1879 
1874 


naoied 
Member 

Glaughton,  Gilbert  H., 

Dudley. 
Cleghom,  John, 

Union  Bank  Chambers^  Spring  Gardem^  Lo/ndom^  &  W. 
Cleminson,  Jas., 

Dcuhwood  Hotue^  London^  E.C. 
Gierke,  Wm., 

Messrs,  Grindlay  ^  Co.^  Parliament  Street^  &  W, 
*CUSi  Joseph, 

Frodingham  Iron  Works,  near  Donca^ler,  lAneolntkin, 
Gliff,  Wm.  D., 

Worthy f  Leeds. 
Glive,  Robert, 

Clanvfay  Colliery  and  Iron  Works,  Tunstall,  StaffmrdMn, 
Gochrane,  Alfred  0., 

CoaiAam,  Redcar. 
*Gochrane,  Charles, 

Green  Hoyde,  Pedmore,  near  StouHnidge. 
Goghlan,  C., 

HuHslet  Forge,  Leeds. 
Goghlan,  John  H., 

(rrosvetior  House,  Headingley^  Leeds. 
Gole,  Albert, 

Brierley  House,  Brierley  Hill. 
Cole,  John  Wm., 

cjo  Jas.  Martin  ^  Co.,  Phoenix  Foundry^  Gawler,  S<nA 
Australia. 
Colley,  Alfred, 

Sheffield  Steel  and  Iron  Works,  Sheffield. 
Collonette,  R., 

Cocken  Villa,  Walney  Rood,  Barrouhin-Fumess. 
Colquhoun,  James, 

Tredegar  Iron  Works,  Tredegar,  MonmotUhshsre. 
Colquhoun,  James,  Jun., 

Stanton  Iron  Works,  near  Nottingham. 
Golver,  R., 

Continental  Steel  Works,  Sheffield. 
Golville,  D.,  Jun., 

Motlierwell,  N.B. 
Golville,  John, 

Mothei'well,  N.B. 
Cook,  Joseph, 

Codnor  Park,  Alfreton, 
Gook,  Joseph,  Jun., 

Washington,  County  Durham. 
Cooper,  Arthur, 

North  Eastern  Steel  Works,  Middlesirough.  ' 
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Slip,  Ntw  York,  U.S.A. 

Top,  Wut  Btvmwidi. 


7reKent,  BriffhUm. 

Odd,  Eegent't  Park,  Zomlon,  J^,  W. 

«  Court,  ComAitl,  E.C. 

.ane,  Sefton  Fork,  Lioerpool. 

I  Work*,  Spennymoor. 

'kirk,  N.B. 

»ey,  MaiKhetttr, 

i>lward, 

rgt  Street,  Wetlmiiuttr,  S.  W. 

rge  Street,  Watmituler,  S.  W. 

'hemical  Work*,  GUugow. 

JS^^^^  DeRtnttown,  Glitfjow. 

MidilUnbrouffh. 

let,  Manchester. 

*  Co.,  Damall,  SkrffielJ. 

Road,  Sheffield. 

Ill  and  Iron  Workt.  near  Nottingham. 
T.  W., 
Altton,  Cumberland. 

Cardiff. 

attle,  Merlkjfr  TifdvU. 


IBOK  AND  8TKEL  INVTITUTK. 

'U»eland,  0.,  U.S.A. 

M,  near  Wtgan. 

Side,  Workimfftwi. 
,  yoUinghapi. 
aUdmfft,  LoTuloH,  K.O. 
Mn,  Cumberland, 
!,  Olatffow. 
neheiUr. 
'i^-thire. 

rJcM,  KidderminKer. 


i  Coal    Company,   Ld.,    George    Tar 
reet,  KC. 

•et,  Glatffote. 

t,  N.B. 

it,  Coatiridffe,  A'.B. 

rla,  ManchaUr. 

t, 

h,  Glatgow. 


'iitteldorf,  Gemany. 


D&lgUeah,  Richard, 

The  Lime*,  At/ordUy,  ildUm  MoiBbrof. 

HiadingUy,  Leedt. 
JSulien, 


Worh,  BrvkditpoHtiU,  Sweden. 
tUinglon,  Salop, 
tear  Wrexham. 

I. 

'latHorganthirt. 
Davey,  Uemy, 

3  Princa  Street,  Wettmintter,  London,  S.  W. 
Davie,  Thomas, 

^  Steel  Workt,  Coatbtidge,  N.B. 

_ !,  Stowbridge. 
GastaviiB  Silvester, 
tolckotB,  Vauffhan  ^  Co.,  MiddUtbrouffh. 


889  j  Daviea,  William, 

^effieUi. 


Ibenyehan,    near    Pontj/pool,    Mmjuouth- 

't  Maniiotu,  Wettmintter,  London,  S.  W. 
Iron  Worha,  lUeaton,  near  Nottingham. 
Street  Wat,  King  William  Stre^  ICC. 


Davy,  Abraham, 

The  Oakt,  Pitmoor,  Sheffield. 
Daw,  Charles, 

'  Parh  Iron  Workt,  SheffieM. 
DaYy,  David, 

Broom  Croft,  Parkltead,  ShegieUt. 


i88o  ; 

1874  ' 
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Malvern  Xtni,  IForeeater, 
retlerick, 
*pce»,  LiverjtooL 

•n  Railmay,  Swindon. 

omtit,  HampsUad,  Jf.  W. 

in, 

VhUthattn. 

;  Swulet,  Lttd*. 

bfUam  a  OutrtoM,  Pat-dt-Caiais,  Franet. 

hotidon,  S.B. 

Street,  london,  B.C. 

dwyn,  HtrU, 
B., 

:s.A. 

)uke  of,  K.G., 
Grange,  Lancadtire, 

Street,  London,  B.C. 

ey. 

'  Works,  NewtoH,  near  Glasgow. 


Sunderland. 

race,  J  arrow. 

m  Works,  Grosmtml,  Yorkthir 

ctoria  Street,  London,  B.C. 

Mines,  Saltium-hy-theSm. 

V.  St   Petersburg,  Russia. 

yieveland  Iron  Shipyard,  Middieabrougk. 
Benj, 
Jearpiirk  Cuttitnj,  County  Durham. 


Elected 
Member 

1869 
1872 
1885 

1874 
1870 

187s 
1869 

1877 
1881 

1889 

1888 

1885 

1886 

1889 

1888 

1888 

187s 
1877 

187s 

1881 
1884 
1884 

1875 
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♦Dodds,  Joseph, 

Stockton-on-Tees, 
Dodds,  Matthew  B., 

Stocktonron-Tees. 
Donald,  Wm.  J.  Alex., 

27  St,  Vincent  Ftaee,  Okugow. 
Donnan,  A.  J., 

Middlesbrough, 
Douglas,  C.  P., 

Parliament  Street,  Consett,  Durham, 
Dove,  George,  Jiin., 

Hatfield  House,  Hatfield,  near  Boneaster, 
♦Downey,  Alfred  C, 

Coatham  Iron  Works,  Middlesbrough. 
Downie,  Alexander, 

The  Ashes,  Stanhope,  Weardaie, 
Downing,  Samuel, 

Morlands,  Sutton  Road,  Erdington,  Birmingham, 
Dreux,  A., 

Aeieries  de  Longwy,  Mont  St,  Martin,  France, 
Dronsfield,  William, 

Alexandra  Park,  Oldham, 
Drown,  Thomas  M., 

Institute  of  Technology,  Boston,  U.S,A, 
Dudley,  Charles  B., 

Altoona,  Pennsylvania,  U,S.A. 
Duncan,  David  John  Russell, 

10  Air  lie  Gardens,  Kensington,  W, 
Dunkerley,  G.  Ghorlton, 

Hurst  Dale,  Bowden. 
Dunlop,  Alexander  M., 

1 1  Norfolk  Street,  Park  Lane,  London,  W. 
Dunnachie,  James, 

Olenboig,  near  Coatbridge,  N,B, 
Du  Pre,  Francis  Baring, 

Oakwood,  Chichester, 
Durfee,  Wm.  F., 

Pennsylvania  Diamond  DrUl  Coy.,  Birdsboro\  Berks  County, 
U,S,A, 
Durham,  The  Earl  of, 

Lambton  Castle,  Fence  Houses,  Co,  Durham, 
Durieux,  Aim6, 

18  Avenue  Matignon,  Paris, 
Dyer,  H.  S., 

Condercum  House,  Newcastle-on-Tyne, 
Dyson,  George, 

Middlesbrough, 


.88s 
1882 
1886 
i88> 
1887 
1880 
18S4 
1889 
1889 
1887 
1880 
r883 
1877 
1885 
1889 
1883 
187s 
1884 
1879 
1874 
1882 
1873 


IBON  41ID  ST^KL  DCSTITirrB. 

Eadon,  Robt.  Kenton, 

Pretidmt  Worki,  Sheffidd. 
Eagland,  W.  H., 

74  WeUingUm  Street,  Leedi. 
Eorle.  Wm.  Norcliffe, 

Cwm  Awn,  Port  Talbot,  S.  Wala. 
Easton,  Edward, 

Ddahay  Street,  tTertmitwfai-,  S.  W. 
Eccles,  Herbert, 

Cwtn  Avon,  Port  Talbot,  Glatnoi-ganthire. 
Edge,  John  H., 

,  Siifkal,  Salop. 

B^oolviek. 

R.S.O.,  QlamorgOMMre. 

).,  GlamorganAin. 

Columbia  ColUge,  Kob  York,  U.S.A. 

«y. 

Woih,  Plyvtmak. 
rt.,  M.P., 
Street, London,  S,W. 


EUis,  Arthur  D.. 
Ellis,  Wi?'S 


npattj/,  Bradford,  Yorit. 
Coy.,  Ld.,  NetB  Gku^ou,  Ifora  SeoUa. 


EUia.  K  WiUiam, 

Church  Place,  New  Swindon,  Wiltt. 
EUis,  J.  D., 

Allot  Works,  Sheffield. 
Ellis,  T.  L, 

North  Britiih  Iron  Workt,  Coatbridge,  N.B. 
Elliso. 

Harrington,  CwnberUutd. 
Euche 

Parii. 

^trthyr  Tydfil. 

Work*,  £arrow-in-Fumet$. 

Works.  Barrote-iti-Pumttt. 

Parliament  Jfaimonc,  Victoria  Street ,  London,  S.W. 


1 883 
1870 
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Evans 

Worh,  ComM,  Durham. 

i®^  Grange,  Hotherham. 

Worh,  Bradford,  YorkdUre. 

Cyfartkfa  Iron  and  l&ed   Work*,  MertKyr  Tydfil,  Glamor- 
ganthire. 
Evans,  W., 

The  Cliff,  Ferryside,  Carmarlhetuhire. 
Evrard,  AUrad, 

19  Boulevard  dts  Italiens,  Pari*. 


•Farley  R-"i>'wi, 

Foundry,  Wat  Bromwiek. 

Workt,  Dvdley. 
Fauatman,  E., 

Care  of  T.  SordenfeU,  53  Parliament  Street,  London,  S.  W. 
FaviBll,  F.  H., 

Dmfon,  S.O. 


Wm., 

JSucAanan  Street,  Paittey. 

Coatbridge,  N.B. 

London  Bridge,  S.S. 


Firth, 
Firth, 
Firth, 


Workt,  She  field. 


Fisher,  £.  K, 

Market  Harborough. 


Coy.,  Nieetown,  PhOaddphia,  U.S.A. 
9,  Magddntrg,  Germany. 
,  Market  ffarlorvugh. 


IBON  AND  SnBi  IHSTll'UTK. 

'erraee,  Bamw-in-FvmeM. 
Ntw  York. 
Works,  SheJUld. 
Jtrret  (Wat),  Neweatlle-on-Tgnr, 
fSx         BaihgaU,  QUifgowi. 
,  vi&  OariitU. 
y.  Booth  Street,  Sal/ord. 


.  0.,  Northtm^itrland. 

o.y  Chicago,  U.&A. 

reel,  London,  E.C. 

'^aughan  ^  Co.,  South  Bank,  MidJlrsbrougk. 

on  Worit,  Stourbridge, 

■the-el-MouUe,  France. 

ompang,  Outebum,  Neweattle-onTgiie. 

'ompauy,  Armleg,  Leedt. 

id  Eitgiueeritig  Co.,  Sydney,  N.S.W. 

leel  Workt,  New  Glasgow,  Nova  Scotia. 


Ureet,  London,  E.C. 
Street,  Qlaggow. 
I  \Forla,  Coatbridge,  N.B. 
Mrasse  2,   Vienna,  Autt/'ia. 
....ittt,  Regenticrg,  Bavaria. 
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Elected 
Ifomber 

1879 
1869 


Fry,  John  E., 

Springfield  Iran  Works,  Illinois,  U.S.A. 
*Fry,  Theodore,  M.R, 
Darlingtm. 


1884  Galbraith,  Wm., 

Shdton  Iran  and  Steel  Co,,  Stoke-on-Treni, 
1882      Galloway,  Arthur  Walton, 

Knott  Mill  Iran  Works,  Manchester, 
1870     Galloway,  Charles  John, 

Knott  Mill  Iron  Works,  Manchester, 

1885  Galloway,  Ed.  N., 

Knott  Mill  Iron  Works,  Manchester, 
1875      Galloway,  John,  Jun., 

Knott  Mill  Iron  Works,  Manchester, 
1882     Galton,  Sir  Douglas,  C.B.,  D.C.L.,  F.R.S., 

12  Chester  Street,  Grosvenar  Place,  London, 

1888  Gamble,  Joseph, 

Sheffield, 
1879     Gargan,  Baron  de, 

Hayange,  Alsace-Lorraine,  Germany, 
1884     Garrett,  Geo., 

Waver  ley  Iron  and  Steel  Works,  Coatbridge,  N,B, 

1889  Garrison,  F.  Lynwood, 

SouthrEast  Cotter,  4th  Chestnut  Street,  Philadelphia,  U,S,A, 
1875      Gautier,  Ferdinand, 

3  Riie  Legendre,  Pare  Monceau,  Paris, 
1888     Gayley,  James, 

Edgar-Thomson  Steel  Works,  PitUburgh,  U.S,A. 
1884     Geen,  G«o., 

Ivor  Villa,  Gold  Tops,  Newport,  Monmouthshire, 
1875      Gilchrist,  P.  C, 

Frogncd  Bank,  Finchley  New  Road,  Hampstead,  N.  W. 

1869  |*Gilkes,  Gilbert, 

Momy  Hills,  Kendal, 

1870  Gill,  William, 

Norwood  Lodge,  MiddUsbrougK 
1 88 1      Gill,  William, 

Orconera  Iron  Company,  Bilbao,  Spain, 
1872      Gillott,  Thomas, 

Butterley  Iron  Works,  Alfreton,  Derbyshire, 
1872      Gilmour,  Allan, 

Maryport  Ironworks,  Maryport, 

1886  Gilmour,  Allan,  Jun., 

Maryport  Iron  Works,  Maryport, 
1869   *Gjers,  John, 

Ayresome  Iron  Woj-ks,  Middlesbrough, 
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Kleotod 
Member 

1882 
1886 
188s 
1879 
1871 
188s 
1886 
1887 
1881 
1885 

1873 

x88o 

1878 

1887 

1887 

1889 

1886 

1869 

1888 

1888 

1886 

1881 

188s 


Gjere,  Lawrence  F., 

3  SouihfiM  Villas,  MiddUArough. 
Gledhill,  John  M., 

Sir  Joseph  Whitworth  ^  Co.,,  Maneheder, 
Glover,  Ben  Bradshaw, 

Beech  Bank,  Netptan-U-  Willows,  Laneathirt, 
Golds  worthy,  R  B., 

ffulme,  Manchester, 
Goldwyer,  John  R, 

Wit/ord  House,  Briton  Ferry,  Glamorgaushirc 
Goodchap,  Charles  A., 

109  Jermyn  Street,  London,  S,  W. 
Goransson,  A.  H., 

Sandviken  Steel  Works,  Sweden. 
Gordon,  Alex., 

Hamilton,  Ohio,  U.S.  A, 
Gordon,  Andrew, 

Cransley  Iron  Works,  Kettering, 
Gordon,  Fred.  W., 

226  Walnut  Street,  Philadelphia,  Pa.,  U.S. A. 
Gordon,  Joseph  G., 

Queen  Ann^s  Mansions,  S.  W. 
Gossell,  O.,  Jim., 

no  Cannon  Street,  London,  B.C. 
Gottschalk,  Alexandre, 

13  Hue  Auber,  Paris. 
Goudie,  Robert^ 

14  Alloway  Place,  Ayr,  N,B. 
Goulty,  Wallis  Rivers, 

Albert  Chambers,  Albert  Square,  Manchester, 
Graham,  Alexander  Macdougal, 

20  Dixon  Street,  Glasgow, 
Grant,  T.  Maxwell, 

Windlass  Engine  Works,  loo  Hydepark  Street,  Glasgow. 
♦Granville,  Earl,  K.G., 

Walmer  Castle,  Deal,  Kent, 
Grazebrook,  Michael  Hickman, 

NetheHon  Iron  Works,  Dudley, 
Green,  Sir  Edward,  Bart, 

Wakefield. 
Green,  Edward  Llewellyn, 

Fairy  Land,  Neath,  South  Wales, 
Green,  John, 

Till  Plate  Works,  Abercam,  Monmouthshirt. 
Greenwood,  William  Henry, 

Birmingham  SmaU  Arms  and  Metal  Company,  AJderU, 
Park  Works,  Birmingham. 


Elected 
Member 

1889 

187s 
1876 

1887 

1884 

1886 

1874 
1872 
1869 
1879 

1889 
1888 
1882 

1875 
1883 


1878 
1887 
1885 

1875 
1884 

1889 

Z878' 
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Gregory,  Joseph, 

Whalley  Cottage,  Upper  Chorlton  Road^  Manchester, 
Greig,  David, 

Steam  Plough  Works,  Leeds. 
Greiner,  A., 

Sociite  John  CockereU,  Seraing,  Belgium. 
Griffin,  S., 

Cleveland  House,  Bath, 
Griffith,  W., 

Sheffield. 
Griffiths,  Azariah, 

Clyde  Cottage,  Falkirk,  N,B. 
Griffiths,  N.  R, 

Wrexham, 
Griswold,  Chester, 

1 1  Pine  Street,  New  York,  U,S.A, 
*Grove,  Edwin, 

Brendon  View,  Stow  Park,  Newport,  Monmouthshire, 
Gruson,  H., 

Buckau,  Magdeburg,  Germang, 
Guest,  Josiah, 

Victoria  and  Albert  Iron  Foundries,  West  Bromwich, 
Gubbins,  R  R., 

North  Kent  Iron  Cog,,  Frith,  Kent. 
Guilleaume,  Theodor, 

Mulheim-on-the- Rhine,  Germany. 
Guilleaume,  Emil, 

Carlswerk^  Mulheim-on-Ehine,  Germany. 
Gunther,  William, 

Centred  Fngineering  Works,  Oldham. 
Gutmann,  Max  Bitter  von, 

/  Kantgasse,  6,  Viennc^  Austria, 


Haarmann,  August, 

Osnabriick  Iron  and  Steel  Works,  OsnabrUck,  Prussia. 
Hackney,  Samuel  John, 

Bott  ^  Hackney,  New  Islington,  Manchester. 
Hadfield,  Robt  Abbott^ 

AshdeU,  Sheffield. 
Hagerman,  J.  J., 

Colorado  Springs,  Colorado,  U.S. A, 
Haggie,  D.  H., 

Sunderland, 
Haggie,  Peter  Sinclair, 

Gateshead-on-Tyne. 
Hall,  J.  F., 

Norbury,  Pitsmoor,  Sheffield. 
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Bleetad 


■  873  illiuD  F., 

awett  Colliery,  Fenet  Hoiuet,  Durhm 


1879 


1S84 


'875 
■875 


Iron  Works,  Lmuhhammtr,  Qemtanjf. 


de  Lyon,  Parit. 
1873  Druitt, 

"iftoria  Chamhert,  London,  S.  W. 

Worki,  Jfewmaitu,  N.S. 

7  BishopgaU  Street  Within,  London,  £.0. 
a,  Thomas, 

&eet  Wort*,  Bamm-ui'FvTnea. 

Lueg,  Duueldorf,  Gerpvnp. 

Uivertlon. 
187s  R.B., 

oor  Oah  Road,  BroomhOl,  .She^M. 


Road,  BrwmhiU,  Shfffield. 


Sud  Worii,  Shtffitld. 
1869  W^ 

Work*, 
1884  f; 

•  Mount  Pleasant,  Biltton,  Stafordthtre. 


Worts,  Stoke-on-Trent.  ' 
Works,  near  Burtlem,  Staffordihirt, 
MiddluhrougK 


lesbrougK 
Harrison,  Cieorgo  Herbert, 


Stourbridge. 


Cyclops  Iron  Workt,  Walsall. 
\  Hart,  John, 

^ew  Exchange  BuHdingt,  Middlethrough. 
I  Hartiii){ton,  Right  Hon,  the  Marquia  of,  M.P., 

Dcvamhire  Haiue,  London. 
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M., 
■(A  Front  Street,  Philadelphia,  U.S.A. 

Darlington, 

ShfJUU. 

Park  Villa,  Wit/tatu,  near  Glasyou. 
J.  F., 

10,  Vienna,  Atutria. 

le,  Kiddermiutler. 

Hayley,  Stourbridge. 

k$,  Middlabroagk, 

\rtet,  JVettmintler,  S.  W. 

Worh,  Shtffield. 

ireet,  Watntiniter,  &  W, 


*,  South  Hampttead. 

i, 

■idge  Company,  Buffalo,  U.S.A. 

L, 

Iron  Works,  Stoeklon-on-Tea. 

ly  Brother),  Newport,  JHonmouththire. 

MUU, 

Aniifis  Gate,  Wettmintttr,  S.  W. 

Sfanor,  NeuicattU,  Staffordihire, 

Jail,  Ntwoculle, 

Iron  Workt, 

jHn., 

Iron  Workt,  Sloke-onrTreni.  ' 
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Elected  j 
Member 

1875      Heathfield,  R, 

Foxlydiate^  near  Redditck, 

1880  Hedley,  Robt, 

Tudhoe  Iron  Works,  Spennymoor, 
1873      Hedley,  Thomas, 

2  Fenham  Terrace^  N'twcastle^n-Tyne, 
1884     Helder,  Aug., 

Whitehaven,  Cumberland. 
1884     Hellon,  Kobt, 

47  New  Lowther  Street,  Whitehaven. 

1878  Helmholtz,  Otto, 

Director  of  the  "  GeselUcluift  fUr  StaM  Industrie,'*  Bochv 
Germany. 

1877  Helson,  Cyriaque, 

Etahlissements  Metallurgiques  de  MM.    Tardy   et  Bent 
Savona,  Italy, 
1889      Henderson,  Norman  M*Farlane, 

Broxburn  Lodge,  Broxburn. 
1889     Henning,  Gustavus, 

16  Cedar  Street^  New  York,  U.S.A.  I 

1884  Heslop,  C, 

I  Upleatham  Mines,  Upleatham,  R.S.O.,  Yorkshire. 

1 869    ^Hewlett,  Alfred, 

,  Kirkless  Hall  Iron  Works,  Wigan, 

1873  I  Hewlett,  W.  H., 

Wigan  Coal  and  Iron  Company,  Wigan. 

1879  Hey  wood,  H., 

Cardiff, 
1879      Hick,  John,  M.P., 

Mytton  Hall,  Whalley,  Blackburn. 
1879      Hickman,  A.,  M.P., 

22  Palace  Gardens,  Kensington,  W. 
1883      Hickman,  A.  W., 

Spring  •  Vale  Furnaces,  Wolverhampton. 

188 1  Higgin bottom,  James, 

Seel  Street,  Liverpool. 
1879      Higson,  Jacob, 

68  New  Bridge  Lane,  Stockport, 
1869    *HiIl,  Alfred  C, 

SoutJibank,  R.  S,  0.,  Yorkshire* 

1878  Hill,  Francis, 

Stocksbridge,  near  Sheffield. 

1885  Hill,  John, 

4  Oxford  Terrace,  Stockton-on-Tees. 

1886  Hill,  Joseph, 

6  Hartington  Street,  Barroto-tn-Fumess. 
i88c  I  Hills,  Arnold  F., 

Thamt%  Iron  Works^  Londonm 

^•1 


OitDISAitV    MEMSEBS. 

«&  Co.,  Middletbrottgli. 

Penitlow. 

Works,  Dvdlty. 

Worki,  Dudley. 
Hirst, 

Workt,  Dowlaia. 

Park  Road,  Janvvi-on-Tyne. 

County  Dwrhan, 

338  Bamtlty  Road,  S/ieffUld. 
Hodgson,  John, 

Harlington. 

Heaton-Moar,  Stockport. 

Road,  jyaiteen. 
HoUaud,  G.  B., 

Bbbta  Vale  Worh,  Newport,  Aton. 

DCS, 

Id&am. 
T., 
Street,  Strand,  W.C. 

Lod(jt,  Darliiifflon. 

16  Rupert  Street,  St.  James' e,  Lmtdoit,  W. 
Holt,  Henry  Percy, 

The  Cedars,  Didshury,  Manehester. 

J 

Hopkinson,  John, 

:e$  Road,  Bowden,  Ches/iir 

nair  Glasgow.  '. 

;,  Liverpool. 

37  Belgrave  Road,  London,  S.W. 
Horsfield,  Arthur, 

Hiffh  Bapi,  Horbvry,  near  WcAi;fiM, 
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Elected 
Member 

1889 
1888 
1883 
1869 
1885 

1873 
1880 

1882 

1883 

1869 

Z884 

1878 

1880 

1885 

1880 

1882 

1877 

1878 

1888 

1882 

1887 

1882 

1872 

1888 


Horsfieldi  Samuel, 

Hallaide  Steel  Works,  Newton,  N,B. 
Horton,  Enoch, 

The  Grange,  Bescot,  near  WahalL 
Horton,  S.  B.  L., 

Fork  House,  ShifncU,  Salop, 
*Horton,  Thomas  E., 

Penmaenmaun',  North  Wales, 
Hosking,  Kichard, 

Clarence  House,  DaUonrin-Fumess, 
Houghton,  John, 

The  Beeches,  Moore,  near  Warrington, 
Houlds worth,  Jas., 

36  Queen's  Gate,  South  Kensington,  London^ 
Houlds  worth,  W.  J., 

36  Queen's  Gate,  South  Kensington,  London,^ 
Howie,  Henry, 

Harrnngton,  Cumberland. 
*Howson,  R, 

Excliange  Place,  Middlesbrough  ' 
Hoyle,  James  Rossiter, 

Norfolk  Works,  Sheffield, 
Hoysradt,  Jacob  W., 

Hudson,  New  York,  U,S,A, 
Huart,  Baron  F.  d', 

Longwy,  Moselle,  France, 
Hudson,  Wm.  John, 

Woods ide  Iron  Works,  Dudley, 
Hudspeth,  W., 

Haltwhistle,  Northumberland, 
Huggett,  J.  A., 

Platket  House,  Grand  Parade,  Eastbouime, 
Hughes,  Arthur  D.,  care  of  F.  Taylor, 

35  Queen  Victoria  Street,  London,  E,C, 
Hughes,  John,  care  o/F.  Taylor, 

35  Queen  Victoria  Street,  London,  F.C, 
Hughes,  John  James, 

35  Queen  Victoria  Street,  London,  E.G. 
Hughes,  Wni., 

19  Lionel  Street,  Birmingham, 
Hulse,  J.  Whitworth, 

Ordsal  Works,  Salford,  Manchester, 
Hulse,  Wm.  W., 

Ordsal  l^ool  Wo7'ks,  Salford,  Manchester, 
Humphreys,  A.  W., 

45  JVilliam  Street,  New  York,  U,S.A, 
Hunt,  Alfred  E., 

95  Fifth  Avwue,  PiiUhurgky  U,S,A. 
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Eloeted 
Member 

1889 
1881 
1876 
1882 
1889 
1883 
1876 


Hunt,  CharleSy 

Windsor  Street,  Birmingluim, 
Hontiiigtoiiy  Alfred  Kirby, 

King's  College^  London^  W»C» 
Hurll,  Jno., 

Woodneuk,  Chrtcosh^  P.O.^  Olasgow, 
Hatchinsoiiy  Thomas  C, 

Hilda  House,  MiddleshrougJ^ 
Hutchinson,  William^ 

Staffordshire  Steel  Company^  Bilston. 
Hutton,  A.  W., 

Cyclops  Iron  Works,  Walsall. 
Hutton,  Robert, 

Batts  Foundry,  Whitby. 


1875 
1869 

1876 

1883 


1884 
1881 

1873 
1881 

1869 

1885 

1889 

1889 

1873 
1884 

1883 


lanson,  James, 

Fairfield  House,  Darlington, 
*Ianson,  J.  C, 

Olenholme,  SaUhum-by'the-Sea, 
Ingham,  William  P., 

Middlesbrough* 
Ingram,  C.  W., 

Falconhyrstf  Fenartfi,  Cardiff. 


Jacks,  William, 

7  Royal  Bank  Place,  Glasgow. 
Jackson,  John, 

Stubben  Edge,  Chesterfield. 
Jackson,  W.  F., 

Hemdale  House,  Litton,  Yik  Stockport. 
Jacobi,  Hugo, 

GutehoffnungshiUte,  Westphalia,  Germany. 
♦Jaffrey,  G.  W., 

Westland  Terrace,  1 7  Bobertson  Street^  Greenock, 
Jambille,  Louis, 

Maubeuge,  France, 
James,  Charles  Henry, 

8  Couriland  Terrace,  Merthyr  Tydfil. 
James,  Enoch, 

Rhymney  Iron  Works,  Bhymneyf  Monmouthshire, 
James,  Phineas, 

Abercam  Estate  Office,  Abercam,  Newport,  Men, 
James,  J.  W.  Hy., 

2  Victoria  Mansions,  Westminster,  S,  W, 
Jamme,  G., 

Dayton,  Tennessee,  U.S.A, 
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Elected 
Member 

1884 
1889 
1889 
1877 
1879 
1888 
1876 
1872 
1869 
1869 

1874 
1885 
1887 
1882 

1875 
1871 

1871 

1873 

187s 
1880 

1881 

1882 

1870 

x886 


Jameson,  John, 

Akennde  HiU^  NewecuiU-onrTyne, 
Jamieson,  James  Fleming  Fyfe, 

9  Queen^s  Oate,  Xondon,  S,  W* 
Jaqnes,  Wm.  Hy., 

Bethlehem  Iron  Company,  Bethlehem^  Pa,  U.S,A. 
Jeans,  J.  S., 

Victoria  MantionSy  Victoria  Street,  S.  W. 
Jefferies,  J.  R, 

Ipswich, 
Jeffreys,  Edward  Homer, 

UawkahUl,  Chapel  AlUrton,  Leeds, 
Jenkins,  A.  T., 

Masbro*  Boiler  WorkSf  Botlierham. 
Jenkins,  James  G., 

33  Revfield  Street,  Glasgow, 
*  Jenkins,  Sir  J.  J., 

The  Grange,  Swansea^ 
♦Jenkins,  William, 

Consett  Iron  Works,  Consett,  County  Durham, 
Jenkins,  William, 

Dowlais  Iron  Works,  Dowlais,  • 
Jenks,  Isaac  James, 

Cleveland  Iron  Works,  Wolverhampton, 
Jenks,  Walter, 

Minerva  Works,  Horsdey  Fields,  Wolverhamptwu^ 
Jennings,  Charles, 

East  Parade,  Consett,  County  Durham, 
Jennings,  James, 

3  Ilminster  Gardens,  Lavender  HiU,  Clapham  Junction,  S 
Johnson,  Richard  S., 

Sherhum  Hall,  Durham, 
Johnson,  Thewlis, 

Bradford  Iron  Works,  Manchester, 
Johnson,  Walter, 

Exchange  Buildings^  MiddleshrotigL 
Johnson,  W.  H., 

26  Lever  Street,  Manchester, 
Johnston,  James, 

Disley,  Cheshire, 
Jonas,  Joseph, 

Continental  Steel  Works,  Sheffield, 
Jones,  Alfred  W., 

Dashwood  House,  New  Bj'oad  Street,  E,C, 
Jones,  Benjamin, 

Dowlais  Iron  Works,  Dowlais, 
Jones,  Daniel  Robert, 

Dowlais  Iron  Worl«,  Doulax*,  QlaxMirqanshirt, 


Kleoted 
Memb«r 

1881 
1869 
1878 

X874 
1884 
1870 
1881 
1881 
1889 
1889 
1889 
1874 

1875 
1878 

1889 

1882 

1879 


1888 

x888 
1885 
1888 
1874 
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Jones,  Edwin, 

T41  Cannon  Street,  Londotiy  E.G. 
*  Jones,  Edwin  F., 

Nonnanhy  Iron  Works,  Middlesbrough. 
Jones,  Edwin  While, 

Cleveland  Steel  Works,  South  Bank,  Middlesbrough. 
Jones,  Ephraim  A., 

Ayrton  Rolling  Mills,  Middlesbrough. 
Jones,  James  Cecil, 

Rhymney  Iron  Works,  South  Wales. 
Jones,  John, 

Dowlais  Iron  Works,  Dowlais. 
Jones,  Joseph, 

Corrugated  Iron  Works,  Wolverhampton. 
Jones,  Wm.  E., 

141  Cannon  Street,  London,  B.C. 
Jopling,  Thomas, 

Otis  Iron  and  Steel  Coy.,  Cleveland,  Ohio,  U.S.A. 
Jordan,  Albert  Edward, 

Birchfield  Lodge,  Perry  Barr,  Birmingham. 
Jordan,  Andrew  Jackson, 

6,  8,  10  Baker's  Hill,  Sheffield. 
Jordan,  Sampson, 

5  Rue  Vi^tte,  Quartier  Monceaux,  Paris. 
Jordan,  Thomas, 

Dunkirk  Iron  Works,  West  BromuncJi. 
Jourafifsky,  Demetrius, 

St.  Petersburg,  Russia. 
Jowitt,  Charles  Albert  Renny, 

Scotia  Works,  Sheffield. 
Jowitt,  Thomas  W., 

Scotia  Steel  Works,  Sheffield. 
Justice,  P.  M., 

54  Chancery  Lane,  London,  W.C. 


Kearsley,  George, 

British  Iron  and  Implement  Works,  Ripon. 
Keay,  Ernest  Charles, 

Corporation  Street,  Birmingham. 
Keen,  Arthur, 

Beechfield,  Ampton  Roady  Edgbaston,  Birmingham. 
Keighley,  George, 

Bankhouse  Iron  Works,  Burnley. 
Kellett,  William, 

24  King  Street,  Wigan. 
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Elected 
Member 

886 
884 
883 
888 
881 
SSs 
886 
884 
884 
869 

874 
869 

888 

881 
889 
885 
869 
879 
878 
888 
884 

87s 
889 


Kendall,  J.  Dixon, 

Roper  Street,  WTiitehaveru 
Kennard,  EL  J., 

20  Hyde  Park  Terrace^  London^  W. 
Kennedy,  Professor  A.,  F.RS., 

University  College,  London^  W,C» 
Kennedy,  Myles, 

Hill  Fori,  Ulverston, 
Kenrick,  Geo.  H., 

Whetstone,  Somerset  Road,  EdghcLston^  Birmingluim, 
Kerpely,  A.  Ritter  von, 

Buda  Pesth,  Hungary, 
Kerr,  Andrew, 

Ardeer^  N.B, 
Kidner,  John, 

Islip  House,  Thrapstoiu 
King,  John  William, 

Sheffield  Steel  and  Iron  Works,  Sheffield. 
*Kirk,  Henry, 

Workington, 
Kirk,  Peter, 

Mossbay  Iron  Works,  Workington, 
*Kirkconel,  John  F., 

Furnace  House ^  Cleator  Moor,  vi^  CamfortJi,  Cumberland 
Kirkhouse,  Edward  Godwin, 

Conseit  Iron  Works,  Blackhill, 
Kitching,  A.  E., 

Elm  Field,  Darlington, 
Kitching,  John, 

Branksome  Hall,  Darlington, 
Kitson,  Albert  Ernest, 

Monkhridge  Iron  Works,  Leeds, 
Kitson,  Fredk.  James, 

Monkhrulge  Iron  Works,  Leeds. 
*Kitson,  Sir  James,  Bart., 

Monkbindge  Iron  Works,  Leeds, 
Koch,  Charles, 

St.  Chamond,  Loire,  France, 
Koch,  W.  E., 

Spang  Iron  and  Steel  Co,.  Sharpshurg,  Fa.,  U,S,A, 
Koch,  Francis, 

Alexandrowsky  Steel  Works,  St,  Petersburg, 
Koehler,  Henry, 

Bochum,  Westphalia,  Germany, 
Kolokoltzoff,  Rear- Admiral, 

Oboukoff  Steel  Works,  St,  Petersburg,  Russia, 
Korb,  Friddlin, 

29  Sprinrj  Hill  Road^  Sheffield, 


Elected. 
Member 

1889 


1883 
1886 
1880 


1874 
1883 

1874 
1872 
1881 

1877 
1885 
1888 
1876 
1869 

1873 
1887 

1887 

1889 

1874 

i373 
1887 

1887 
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Korten;  Kudolph, 

Messrs.  JBolcIcoWy  Vattghan,  4'  ^""'i  South  Bankf  E.S,0,y 
Yorkshire, 
Krautner,  Adolf, 

Vorderribergy  Siyria. 
Kriete,  Henry  C, 

17  Metropolitan  Blacky  Chicago^  U,S,A, 
Kupelwieser,  Paul, 

Witkowitz^  Austria. 


Laing,  James, 

Sunderland. 
Lancaster,  Jno., 

Anfield  House ^  Leamington. 
Lancaster,  Joshua, 

Talladega  Iron  and  Steel  Company ,  Alabama,  U.S.A. 
Landale,  Andrew, 

Ucho  Bankf  Inverkeithing. 
Langdon,  Wm., 

Huelva^  Spain. 
Larsen,  Jno.  Daniel, 

67  Belvedere  Road^  Upper  Norwood^  London^  S.E. 
Latinis,  Victor, 

Directeur  de  la  Societe  des  forges  d'AcoZy  Acoz^  France 
Lauder,  George, 

Edgar-Thomson  Steel  Works,  FitUiburg,  U.S.A. 
Lawson,  Arthur  T., 

Beech  Ghrove  House,  Leeds. 
*Layboume,  Kichard, 

Isca  Foundry,  Newport,  Monmoutlishire. 
Ledger,  Joseph, 

Castellette,  Keswick. 
Ledingham,  L  Napier, 

Brightside  Steel  Works,  Sheffield. 
Lee,  Arthur, 

Bessemer  Road,  Atterclife,  SJuffield. 
Lee,  Henry, 

Sedgley  Park,  Prestunch,  Lancashire. 
Lee,  William, 

139  Cannon  Street,  London,  E.G. 
Lees,  EH, 

102  Lancaster  Gate,  London,  W. 
"Lees,  John  Bayley, 

Oaklands,  Church  Lane,  Handsworth. 
Lees,  Samuel, 

Beacon  View,  Hill  Top,  West  Brommch. 


1889 
i879 
1888 
18S0 
1 88a 
1 881 
1878 
1887 
1870 
1870 
1869 


1889 
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Lees,  Samuel, 

Parkhridgt,  A^iton-under-Lyne, 

)iiM,  Knutt/ord, 

A., 
at,  fiit^rff,  U.S.A. 

Joliel  SUel  Co.,  Chicago,  Illinou,  U.S.A. 
LeuBord,  J.  Milner, 


Chambert,  Whkt  Lion  Cottrl,  CornhiH,  E.C. 
Abertanaid,  near  Merthyr  Tydfil. 
landwdl,  ffandstmrth,  Birmingham, 
iambfrs,  WatmimUr,  S.  W, 
Mberdare, 

Whitehaven. 
for  Jiailwayi),  Carlisle. 

ienna. 

near  Caniforth. 
Lindsay,  Tl  , 

t  PouKry,  London,  B.C. 

Worlu,  Melton  Mowbray. 

Street,  E.C. 

BroOieri,  Oldham. 

Broad  Slrett  Avenut,  BtomjUM  Street,  E.C. 


ORDINARY  MBHBERS. 


Worh,  Stoke-on-Trent.' 

luhury. 

Took,  Birmiugham. 

Road,  BiminghoM. 

etbury. 

^ednaburjf. 

e  WorJa,  Lydneff,  Oloucerterikire. 

i  Road,  Smeikwick. 

Fablty,  near  Knuttford, 


et,  E,C. 
Looker, 
E.O. 

London,  Brighlon,  and  South  Coatt  Rail- 
Bridge,  S.E. 

Germany. 

«  Paaco  Gold  Field  Coy.,  near  Barberton, 

ney  Sill,  London,  E.C. 


Udirtgt,  High  Holhom,  W.C. 
Oberkawen,  JFfelphalia.' 
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Lyon,  Al&ed  C, 

Soulhbanle,  Complon,  Wolverhampton. 
Lysaght,  Wm.  Bojse, 

Swan  Gardem  Iron  Workt,  Wclwrhampton 


par  Foire  Saint  HvhtH,  Belgiut 


oinside,  GUugow. 

Plate  Works,  Gilfiff,  Llanelly, 

Glatgow. 

"  Glatgoa, 

S., 
W         Glatgoxi,. 

Glatgow. 

Spain. 
Macnee,  D., 

2  Wedminater  Chambere,  London,  S.  W. 
Main,  Robert, 

Ardetr  Iron  Workt,  SUvemlon,  Ayrsliire. 

C.B., 
Woolwich  Arsenal,  Woolwidt, 
Ualo,  Alberto, 

Gtia'njiiato,  Mexico. 

Pittvwor,  She^ld. 

Bewdlty. 

ron  Works,  near  DottCasUr. 
U,  Roth*  Erde,  -near  Pu^-\<vClni.^*Ut. 


OKDINABT  MESIBEHS. 


irleroi,  Bdgivm. 

Bolt  and  Nut  Works,  London  Road,  Maneheettr. 

Op^,  Hawth»>rn  Sotue,  Bath. 

St.  Helen*  Road,  Swansea,  Glamorgantldre. 

Works,  GlaigoiB. 

Works,  MiddleArough. 

Leslie,  &  Co.,  St.  Peter's  Works,  New- 
eattle-oA-Tyne. 
R.C., 

Neteton,  near  Glatgovr. 

Iron  Works,  Pettdleton,  Manehater, 

Steel  Works,  MtdJleibrougk, 
M., 

Rue  de  Proveiiee,  Paris. 
1-. 
'^hile  Lion  Court,  Comhill,  London,  E.G. 


near  Wolverhampton. 


Isaf,  LlansanUel,  Swinsea. 

Street,  Nm  York,  U.S.A. 


Works,  Manchfittr. 
1  Woi-ks,  near  Leeds. 


BIsctwl 
Hambar 
1886 


1888 
1887 
1874 
1869 
1884 
1884 
1886 
1883 
1883 
I87I 


1888 
1889 
1874 
1880 
1886 
1874 
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Mathieson,  Tliomas  A., 

EaU  Campbell  Slreet,  Glatgoie. 
Matbieu,  Jean  A., 

51  Mogul  Block,  Detrvit,  Mithigan,  U.S.A. 
Matthews,  John, 

S.  &  W.  Hatetliom,  Lulit  <£-  Co.  (Limited),  XeiKOtlle^ 

Maw, 

36  Bedford  Street,  Strand,  London,  W.C. 


Plate  Work*,  Llanelli/. 
Iron  Worts,  Pendleton,  ManeketUr. 


Mayer,  Emeat, 

ParU. 

Vew  Tork,  U.S.A. 

ykamben,  London,  S,  W. 

and  Steel  Work*,  MottenJ,  Glatgote. 

^^^  Villa,  Carlyle  Road,  Manor  Park,  Euex. 

Hingham,  Surrey. 

Lincoln's  Inn,  London. 
S., 

((  Street,  Glatnoie. 
M  S., 

Peiimylvania,  U.S.A. 
M'Creath,  James, 

95  Bat/i  Sired,  Gla»g^e, 

WUilehaven. 
M'Mutty,  Georfjo  Gibson, 

and  Ster.1  Company,  Pittsburg,  U.S.A. 

S  Oak  Iron  Works,  Tipton. 

Melling,  Samuel, 

Ince  Forge  Company,  Wigan. 
MelliDg,  Thomas, 

Ince  Forge,  Wigan. 
Mellon,  Henry, 

Irehlh,  A(kam-iti-Furnes», 
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Elected, 
Member 

1883  Melnhofy  Baron  F.  Mayr  von, 

Operfigasse,  4,  Vienna,  Austria, 
1878     Merritt,  W.  H., 

34  St.  George  Street,  Toronto,  Canada. 
1886     MiUer,  J.  Ritchie, 

2  Somerset  Place,  Glasgow. 
1886     Miller,  Thomas, 

London  Road  Foundry,  Edinburgh. 
1882     Miller,  John  F., 

Vulcan  Foundry,  Coatbridge,  N.B. 
1889     Mill  ward,  George  Anthony, 

41  Church  Hill,  Wednesbury. 
187s      Milner,  Walter, 

Whitecross  Wire  Works,  Warrington, 
1870      Mitchell,  Charles, 

Newcasile-on-Tyne, 
1873     Mitchinson,  H.  S., 

Bowling  Iran  Works,  Bradford,  YorJcshire. 

1884  Molineaux,  W., 

Capponfield  Iron  Works,  Bilston. 
1870     Monks,  F.y 

Walton  Old  Hall,  near  Warrington. 

1873  Moon,  Richard,  Jun., 

Penyvael,  Llanymynech,  near  Oswestry. 

1 88 1  Moore,  Alfred, 

Fitzroy  Works,  Fusion  Road,  London,  N.  W. 
1876     Moore,  Arthur  C, 

Ida  Wharf,  Black  Horse  Bridge,  Deptford,  S.F. 

1882  Moore,  William, 

Leeds  Steel  Works,  Leeds. 
1875     Morel,  Ernest, 

TUleul  Rolling  Mills,  Maubeuge,  France, 

1880  Morgan,  C.  H., 

Worcester,  Mass.,  U.S.A. 

1 88 1  Morgan,  James  Henry, 

1 24  Narrow  Street,  Limehouse,  London,  Em 

1882  Morgan,  Thomas  R., 

Alliance,  Ohio,  U.S.A. 
1888     Morgan,  Septimus  Yaughan, 

42  Cannon  Street,  London,  E.C. 

1882  Morris,  Claude  John, 

The  Mount,  Altrincham. 

1883  Morris,  Wm.  H., 

400  Cliestnut  Street,  Philadelphia,  U.S.A. 

1874  Morrison,  Martin, 

Middlesbrough. 
1873  ;  Morton,  E.  H., 

I  Glenbrook,  Cearn^s  Road,  Oxton,  Cheshire. 
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Elected 
Member 

1879 
1879 
1889 

1875 
1882 

1886 

1883 

187I 

1881 

1889 

1885 

187I 

187I 

1888 


1889 
1883 
1888 
1869 

1875 
1882 

1874 
1869 


Morton,  James, 

8  Princes  Square,  Buchanan  Street,  Glasgow. 
Morton,  James, 

Manor  Park,  Blairhill,  Coatbridge,  N.B. 
Moses,  Edmund  Bamford, 

Cwm  Avon  J  GlamorgansJure, 
Mosley,  CoL  Paget, 

27  St.  Jamei  Square,  London,  S.  W. 
Mottram,  Richard, 

Knott  Mill  Iron  Works,  MancJtester, 
Mudd,  Thomas, 

Hartlepool, 
Muirhcad,  Wm., 

Parkkead  Forge,  Glasgow. 
MUller,  Charles  Emile, 

Middlesbrough. 
MiiUer,  R  W.  Maxwell, 

Scarboro*  and  Whitby  Railway,  Scarborough 
Miiller,  Thomas  Neil, 

Messrs.  Miiller  ^  Co.,  Exchange  Buildings,  Middlesbrough. 
Murisier,  Oscar, 

Aderits  d^Alexandrowsky,  St.  Petersburg. 
Musgrave,  Jno., 

Globe  Iron  Works,  Bolton. 
Musgrave,  Joseph, 

Globe  Iron  Works,  Bolton. 
Myers,  W.  Beswick, 

14  Victoria  Street,  London,  S.W. 


Naylor,  John  William, 

Wellington  Foundry,  Leeds. 
Naylor,  W., 

Penistone,  near  Slieffield. 
Xeedhaia,  John, 

13  Cannon  Street,  Manchester. 
*Neesham,  George, 

Middlesbrou,g1u 
Neilson,  George, 

Summer  lee  Iron  Works,  Coatbridge,  N.B. 
Neilson,  Hugh,  Jun., 

Clyde  Bridge  Steel  Works,  Cambuslang,  N.B, 
Neilson,  James, 

Mossend  Works,  Holytoivn  Station,  N.B. 
*  Neilson,  John, 

Summer  lee,  Coatbridge^  N.B. 


Elected* 
Member 

1882 
1880 
1881 
1888 
1887 
1888 
1888 
1889 
1885 

1877 

1873 
1869 

1880 


1889 
1869 
1880 
1883 
1883 

i875 
1884 

1884 

1881 

1887 
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Neilson,  Johii  A,, 

Summerlee  Iron  Works^  Coatbridge,  N*B, 
Neilson,  Walter,  Jun., 

Conservative  Club,  Glasgow, 
Neilson,  Walter,  Jun., 

Woodfield,  Finedon,  Wellingborough. 
Nettlefold,  John  Sutton, 

Castle  Wo7'ks,  Tydu,  Newport,  MonmoutlisfUre. 
Newbigging,  Thomas, 

Manchester, 
NichoUs,  Thomas, 

Cochin  Villa,  Barrow-in-Furness, 
Nicholson,  Henry, 

37  Stockton  Street,  Moss  Side,  Manchester, 
Nicholson,  James  Percival 

Bowling  Iron  Works,  Bradford,  Yorks, 
Noble,  James, 

Grosvenor  Terrace,  Linthorpe  Road,  Middlesbrough, 
Norbury,  William  Edward, 

Knott  Mill  Iron  Works,  Manchester, 
Nordenfelt,  Thorsten, 

53  Parliament  Street,  London,  S,  W, 
♦Norris,  W.  G., 

Coalbrookdale,  Salop, 
Nursey,  Perry  F., 

161  Fleet  Street,  London,  E.C, 


Oakes,  Gerard  R. 

Biddings,  Alfretotu 
*Oakes,  Thomas  H., 

Alfreton  Works,  Alfreton,  Derbyshire, 
Ogden,  Samuel, 

Werneth  House,  Oldham, 
Ogilvie,  A.  G., 

4  Great  George  Street,  London,  S,  W. 
Ogle,  Percy  Jno., 

4  Bishopsgate  Street  Within,  London,  E,C, 
Ogle,  Richard, 

4  St,  Ann*s  Square,  Manchester, 
Oliver,  D.  B., 

114  First  Avenue,  Pittsburg,  Pennsylvania,  U,S,A, 
Oliver,  H.  W.,  Jun., 

114  First  Avenue,  Pittsburg,  Pennsylvania,  U.S.A. 
Onions,  Edward, 

Ardsley  Bouse,  Fast  Ardsley,  near  Wakefield, 
Ordonez,  Escandon  Salvador  y, 

cjo  M,  Cardenosa,  20  Mark  Lane,  London, 
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igttOK,  near  Gltugou. 

orii,  Sheffield. 

ipang,  Cleveland,  Ohio,  V.S.A. 


'21,  London,  E.C. 

rishnugther,  Bengal,  India. 

>cattU-tm-Ti/ne, 

on-Teet. 

atgow. 

oria,  Ban-ow-in-Furneu. 

•nlUll,  London,  E.G. 

Bromvneh. 

iuA  Street,  Birmingham. 

i  Anchor  Workt,  Tipton. 
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Panatt,  W., 

58  Lyjidkur»l  Road,  Peekham,  London,  S.E. 
"Parry,  John, 

EiMo  Vale  Iron  Work*,  Sfewport,  MoHmoiOhihire. 
Parsons,  P.  M., 

Houae,  BlaekJuath,  Kent. 

Direeteur   du   Laminoir  da   Aeieriet,  Dttdelange,   Grand 
daelU  de  Luxembourg. 


Halifax. 
Iron  Worla,  Hadley,  WdlingUm,  Salop. 


Paterson,  JohD, 

106  Matethorne  Terrace,  Workinglon. 
Patterson,  Anthony, 


Worh,  Nevilon,  Glatgow. 
Wm., 
1\ 
^        Naah, 

'^uiutall,  Slaffordihire. 
Geoige,  Bart, 
/M  Bay,  N.B. 

ManeKetUr. 
Pears, 

WiUoA4e-Wear,  Darlinfflon. 

near  Birmingham. 

^aSSSM^  Iron  Workt,  Weit  BronmiiA. 
H., 

Company,  Wi^an. 
Pearaon,  W.  G., 

97  CaniioR  Street,  London,  B.C. 


lii 
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Elected 
Memberl 

1884 
1888 
1887 
1882 
1869 
187s 
1883 
1885 
1880 
1881 
1884 
1884 
1879 
1889 
1885 

1873 
1874 
1883 

1874 
1884 
1886 
1887 
1876 
1882 


Pease,  Arthur, 

Darlinffion. 
Pease,  John  Francis, 

Pierremontj  Darlington, 
Pease,  Joseph  Albert, 

Darlington. 
Pease,  Henry  Fell,  M.P., 

Darlington. 
*Pease,  Sir  Joseph  W.,  Bart,  M.P., 

Hutton  Hall,  Guishro\  Yorka. 
Pechin,  E.  C, 

303  Prospect  Street,  Cleveland,  Ohio,  U,S,A. 
Peech,  W.  H., 

Phoenix  Bessemer  Steel  Works,  Ickles,  near  Sheffield, 
Peile,  Wm., 

Cartgate,  Hensingham,  Whitehaven. 
Pendred,  V., 

163  Strand,  London,  W.C. 
Pepper,  Joseph  R, 

Clarence  Iron  Works,  Leeds. 
Percy,  Thomas  McLeod, 

Wigan  Coal  and  Iron  Works,  Wigan. 
Perks,  George  Henry, 

Mter- Water  Ball,  Ambleside. 
Pemot,  Cha&, 

St.  Chamond,  Loire,  France. 
Peters,  Theodor, 

14  Wichmannstra^se,  Berlin, 
Petherick,  John, 

Consett  Iron  Works,  Blackhill,  Co.  Durham, 
Petin,  Jean  J.  Hippolyte, 

Rtu  Mont  G-rand  24,  Marseilles,  France. 
Peto,  Samuel  Arthur, 

Plumbago  Crucible  Works,  Battersea,  London,  S.  W. 
Phipps,  Hy.,  Jun., 

Pittsburg,  Pa.,  U.S.A. 
PiedboBuf,  Gustave, 

A  ix-lorCJiapelle. 
Pierce,  J.  J., 

Sharpsville,  Pennsylvania,  U.S.A. 
Pilkington,  Herbert,  . 

Bamfield  House,  Tipton, 
Ping,  Francis, 

The  Avenue,  Linthorpe,  Middlesbrough. 
Pink,  Kichard, 

6  Sedars  Strasse,  Hanover,  Germany, 
Pirie,  Lewis  J., 
I  King  WMxaftii  Town,  Cape  Golouxj,  ^ou\k  kjvwu 


Elected 
Hember 

1883 
1882 

1873 
1889 

1881 

1881 

1881 

1886 

1887 

1885 

1872 

1879 

1883 

1889 

1878 

1874 
1883 
1869 
1884 
1881 
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Piatt,  Jas.  E., 

Messrs.  Platl  Brotliers^  Oldham, 
Piatt,  James, 

Atlas  Iron  Works,  Gloucester. 
Piatt,  Samuel  R, 

Wemeth  Park,  OWiam. 
Pochin,  Henry  D., 

BodnarU  Hall,  Bghoysbaehf  RS.O.,  Denbighshire. 
Poensgen,  Carl, 

Diisseldorf,  Germany, 
Poensgen,  Rudolph, 

Dusseldorf,  Germany. 
Ponthiire,  Honors, 

Louvain  University,  Belgium, 
Poison,  John, 

Cattle  Levan^  Greenock^  N.B, 
Pope,  Samuel, 

Tinsley  House,  Tinsley,  Sheffield. 
Potter,  E.  C, 

South  Chicago  Works,  Chicago,  U.S.A. 
Potts,  John  Thorpe, 

1 00 1  Chestnut  Street,  Philadelphia,  U.S.A. 
Pourcel,  Alexandre, 

Saltbumrby4he-Sea. 
Powell,  W.  R, 

Ebbw  Vale,  Monmouthshire, 
Preston,  Fredk.  Walter, 

Kettering  Iron  and  Coal  Company,  Kettering. 
Price,  John, 

6  Osborne  Villas,  Jesmond,  Newcastle-on-Tyne,  , 
Price,  Joseph,  Jun., 

Brunswick  Foundry,  Liverpool. 
Prochaska,  J., 

Graz  Steel  Works,  Graz,  Austria. 
*Putnam,  William, 

Darlington  Forge,  Darlington. 
Putnam,  Thomas, 

Darlington  Forge,  Darlington. 
Pye-Smith,  Arnold, 

32  Queen  Victoria  Street,  B.C. 


1885 
1879 


Badcliffe,  Francu?, 

233  Burridge  Road,  Plumstead,  London,  S.E, 
Kadford,  R  H., 

15  St,  Jameses  Row,  Sheffield. 
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Elected 
Member 

1874 
1869 
1869 
1869 

1879 
1887 

1889 

1874 

1888 

1869 

1874 
187I 
1882 
1870 
1880 
1889 
1880 
1883 
1878 
1886 
1885 
1881 
1887 
1889 


Bamage,  John, 

Beckenham,  Kent 
•Eamsbottom,  John, 

Femhilly  Alderly  Edge,  Cheshire. 
^Bamsden,  Sir  James, 

Barrouhin^Fumess. 
♦Ramsden,  W.  G., 

13  Tower  Chambers^  LiverpooL 
Bansome,  Allen, 

Stanley  Works,  King^s  Road,  Chelsea^  &  W, 
Bansome,  Frederick, 

Bushmere  Lodge,  Norwood  Road,  London,  S.E, 
Bansome,  Bobert  James, 

Water-side  Works,  Ipswich, 
Bapier,  Richard  C, 

5  Westminster  Chambers,  London,  S.  W. 
Bapley,  Frederick  Harvey, 

Dashipood  House,  London,  E,C 
*Batliffe,  George, 

81  Cannon  Street  Buildings,  Cannon  Street,  E.G. 
Bay,  Edmund, 

Lindal  Moor  Mines,  Ulverston, 
Beay,  Thomas  M., 

Spennymoor^  County  Durham, 
Beay,  Thomas  P., 

Airedale  Foundry,  Leeds. 
Beed,  Sir  E.  J.,  M.P., 

Broadway  Cliambers,  Westminster*,  S.  W. 
Beichwald,  A., 

Newcastle-on-  Tyne. 
Beimers,  E., 

19  Schonsbeckerstrassej  Magdeburg,  Buckau,  Germany. 
Bemaury,  M., 

56  bis,  rue  de  Chateaundun,  Paris. 
Rendel,  W.  Stuart, 

8  Great  George  Street,  Westminster. 
Benton,  Benjamin  Mann, 

Savile  Street,  Sheffield. 
Besimont,  Armand, 

Valenciennes,  Nord,  France. 
Beynolds,  George  B., 

23  Longridge  lioad,  EarVs  Court,  S.  W. 
Beynolds,  Thos., 

99  Cromwell  Roa/l,  South  Kensington,  S.  W. 
Bhodes,  George  W., 

The  Cottage,  Victoria  Park,  Manchester. 
Bichards,  David, 

Hillside,  Ammanford^  Cai'martlienshire. 


1869 
1873 
1869 


1877 
i883 


>873 
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Slaina  Worka,  Slaina,  S.8.O.,  Moamouifuhire. 

ndsor, 

Sotue,  Lowmoor. 

Workt,  Sfiejield. 

Houte,  Skirlty  Road,  Aeoci^t  Great,  Birminghai 

Street,  Dowlau. 

Terraet,  London,  W. 


CheUerfield, 

Worke,  Oldham. 

Slratee,  60,  Berlin,  Germatty, 
■  ^1 
A'euby  Bridge,  Ulvertton. 

Barrett, 

Iron  Compang,  Springfield,  lilitioit,  U-S.A. 

nmerhill  Grove,  ifeuKcutle-on-Tyne. 
ange,  GuiArough,  Yorkthire. 


1873  ^ 

^7^:  Finthury  Square,  London,  E.G. 

1874  8, 
'hange  Square,  GUugow. 


Workt,  Bradford, 
ear  Neath,  S.  Waht. 

v., 

ittin  Friart,  London,  S.  C. 
W.  Chandler,  F.R.S., 
London,  E. 

WeU  Bromuneh. 
W., 
ooutA  Euuell  Street,  OraliamttoH,  Falkirk. 
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HaU,  Ltek,  Swfordikire. 

Ed., 

Skt^d. 

Roll,  BUhop  Aveiland. 

WorWSht^tld. 

Workt,  Roduiale. 

Htmtt,  Bedear. 

H  Strta,  GlatgOK. 

woe  Rogier,  Liige,  Belgivm. 

User  Road,  Upper  Tooting,  S.W. 

W., 

?(«/  Company,  AUianee,  Ohio,  U.S.A. 

Iteurthe,  Francf. 

Worlt,  Uantlly. 

Hall,  Jhir/iam. 
K,  Colonel, 

I'a  Xationale,  Romt,  Italy. 
ues, 

Wire  MUU,  Erdingion,  Biifningham. 

5,  Wim,  Attttria, 
Henry,  M.P.,  F.R.S., 

Gardens,  Lottdoit,  S.W. 

iM  Iron  Ore  Company,  Liucolu. 

if, 

and  L.  Railuay,  ifarple,  Ckethirt. 

Famaeet,  Tividale,  Tipfon. 

Terracf,  Acton  Vale,  W. 

Creteetit,  3laida  Yale,  Loudon,  W 

..!/,  ntar  SotUliamjUoa. 


Elected 
Member 

1888 


1877 
1882 

1883 

1885 

1886 


1882 

1877 
1887 

1880 

1880 

1889 

1886 

1869 

1885 

1887 

1877 

1887 

1889 

1875 
1872 

1883 
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Ruscoe,  John, 

Hydcj  near  Manchester, 
Kussell,  Emil, 

Die  Direction  der  Disconts  Oesellscluift,  Berlin. 
Russell,  John, 

8  Victoria  Chambers,  Westminster, 
Russell,  W., 

Father  Iron  Works,  Wishaw,  N.B. 
Russell,  Rohert, 

Coltness  Iron  Works,  Newmains,  N,B, 
Russell,  Gkorge, 

Summer  lee  Iron  Works,  Coatbridge,  N,B. 


Sach,  Augustus  T., 

Beech  Ho%ue,  Boiodon,  near  Altringham, 
Sacr^  Alfred  Louis, 

60  Queen  Victoria  Street,  London,  E,C. 
St.  Oswald,  Lord, 

Nostell  Priory,  Wakefield, 
Salmon,  F.  B., 

Birkenhead  Forge,  Birkenhead. 
Salter,  M., 

Workington, 
Sampson,  Richard  H., 

Fontardulais,  South  Wales, 
Samuel,  James, 

Glengamock,  N,B. 
*Samuelson,  Sir  B.,  Bart.,  M.P., 

56  Frince^s  Gate,  South  Kensington,  S,W. 
Samuelson,  Francis  A,  £., 

Sockbum  Hall,  Darlington, 
Sandahl,  Carl  J., 

Trimsaran,  S,  Wales, 
Sartoris,  Herbert, 

Kettering  Furnaces,  Kettering, 
Saunders,  James, 

86  Darlington  Street,  Wolverhampton, 
SauY^e,  Albert, 

22  Farliament  Street,  London,  S,W, 
Sawrey,  John  S., 

FeU  Side,  Pennington,  near  Ulverston, 
Scattergood,  J., 

Stour  Valley  Works,  Spon  Lane,  Bii-mingham, 
Schlegtendal,  F., 

Duisburg,  Germany, 
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Elected  I 
U  ember 

1882     Schlink,  Joseph, 

Friedrtch-WilhelnukiUtef  Mvlheim-on-the-Rvhr,  Gei-many, 

1876  Schneider,  Henry, 

Creusdt,  France. 
1875      Schofield,  C.  J., 

Claytoiiy  near  Manchester. 
1 88 1      Schott,  Robert, 

Dannenwra  Steel  Works,  Sheffield. 
1888     Schrodter,  K, 

Secretary,   German  Iranm<uteri  Assoctation,   Dusseldorf, 
Germany, 

1884  Schroller,  Wm.  C.  P.  H., 

20  Mount  Street,  Manchester. 

1885  Schultz,  George, 

Botolph  House,  JSastcIieap,  E,G. 
1884     Schulz,  G., 

8  Friedriclutrassse,  Bochum,  Westphalia. 

1 88 1  Scott,  Ernest, 

Close  Works,  Newoastle-on-Tyne. 
1878     Scott,  Fife  J., 

Newcastle-onrTyne. . 

1882  Scott,  Ralph  G., 

MonJcbridge  Iron  Works,  Leeds. 

1878  Scott,  William  Henry, 

Newcastle-on-Tyne. 

1888  Scoular,  George, 

Jlensingluim,  Whitehaven. 

1882  Seaman,  Fred., 

Oak  Mount,  Adelaide  Road,  Brindiffe,  Sheffield. 

1880  Seddon,  R.  B., 

Wigan. 

1883  Seebeck,  Leopold, 

Crosby  Buildings,  Crosby  Square,  E.C, 

1877  Seebolim,  Henry, 

22  Courtfield  Gardens,  South  Kensington. 

1889  Seehoff,  Robert, 

Witte7i,  Westphalia,  Germany. 
1874     Sellers,  William, 

1600  Hamilton  Street,  Philadelphia,  U,S.A. 

1 88 1  Senior,  George, 

Pond^s  Forge,  Sheffield, 
1888      Sennett,  Richard, 

Messrs.  Maudslay,  Sons,  ^  Field,  Ld.,  Engineers,  Lambeth, 

1879  Sepulchre,  A., 

Aulnoye-leZ'Berlaiemont,  France. 

1878  Sepulchre,  Frangois, 

Vezin,  Belgium. 
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Elected  I 
Member 

1880     ShakeU,  W.  R, 

Weardak  Iron  and  Coal  Co,,  Limited,  George  Yard,  Upper 
Thames  Street,  London,  E,C. 
1886     Share,  Geo.  W., 

72  King  William  Street,  London,  E.C, 
1869   *Sharp,  Henry, 

Bolton  Iron  and  Steel  Works,  Bolton, 
1883     Sharp,  J., 

5  SL  Bemard^s  Crescent,  Edinburgh 
1872      Shaw,  William,  Sen., 

Hie  Cast  Steel  Foundry,  Middlesbrough, 

1888  Sheldon,  John  George, 

Seaton  Carew. 
1869   *Shiel(i,  Clifton, 

Reform  Club,  Pall  Mall,  London, 
1878     Shinn,  William  P., 

New  England  Railway  Co.,  36  Wall  Street, New  York,  U,S,A. 

1883  Shipman,  John  W., 

Atterdiffe  Steel  Wire  Mills,  Sheffield. 

1889  Siddell,  George, 

Roewood,  Crabtree,  Pitsmoor,  Sheffield, 
1878     Siemens,  Alexander, 

12  Queen  Annexe  Gate,  Westminster,  London,  S.W, 

1884  Siemens,  Frederick, 

12  Queen  Annexe  Gate,  Westminster,  London,  S.W, 

1876  Siltzer,  John, 

4  Cromwell  Houses,  South  Kensington,  London,  S.  W. 
1883      Simmons,  Charles, 

Darlington  Steel  Works,  Darlington, 
1874     Simon,  Henry, 

20  Mount  Street,  Manchester, 

1883  Simons,  D., 

Moss  Bay  Steel  Works,  Workington, 
1880     Simpson,  F.  F., 

Park  Lane  Iron  Works,  Oldbury, 

1877  Simpson,  J.  B., 

Hedgefield  House,  Blaydon-on-Tyne, 
1888      Simpson,  Joseph, 

Moss  Close,  WalsalL 
1874     Simpson,  J.  S., 

Harrington  Iron  Works,  Harrington,  Cumberland, 
1876      Simpson,  William  W., 

OswcUdtwistle  Collieries,  near  Acerington, 

1884  Simpson,  Henry  Charles, 

Uorsehay,  near  Wellington,  Shropshire, 

1885  Simpson,  Matthew  H., 

Queen  Street,  Lancaster, 


Elected 
Member 

1886 


1889 

1874 
1881 
1869 
1882 
1882 
1889 
1880 
1869 
1882 
1869 
1887 
1874 
1889 
1876 
1885 
1884 
1877 
1876 
1869 
1884 
1884 
1884 
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Simpson,  Robert, 

Harrington^  Cumberland, 
Slater,  James, 

Bescot  HUl,  Walsall. 
Smith,  Charles, 

SUd  Works,  BarrouhinrFwuess. 
Smith,  C.  WestoD, 

Langland  Hall,  AfumbUs,  South  Wales. 
♦Smith,  K  Fisher, 

34  Avenue  Road,  Regen£s  Fork,  L&ndon,  N.  W^ 
Smith,  Fred., 

Caledonia  Works,  Halifax,  Yorkshire. 
Smith,  G.  Jackson, 

Clyde  Street  Works,  Sheffield. 
Smith,  Henry  John, 

Neurmains,  N.B, 
Smith,  Jno.  Jos., 

Soutliwood  House,  Eltham,  KenL 
♦Smith,  John  Stores, 

Sheepbridge  Iron  Works,  Chesterfield. 
Smith,  Joseph  H., 

Summerhill,  Kingstcinford,  near  Dudley* 
♦Smith,  Josiah  T., 

Rhine  Hill,  Sir ai ford-on- Avon. 
Smith,  Richard, 

Royal  Scliool  of  Mines,  S.  Kensington,  London^ 
Smith,  Robert, 

CasUe  Hill,  Sheffield. 
Smith,  Samuel, 

Monway  Steel  Works,  Wedneshwy. 
Smith,  Thomas  Taylor, 

Greencroft  Park,  Durham. 
Smith,  Watson, 

University  College,  Gower  Street,  W. 
Smith,  W.  A., 

Heyford  Ir&ii  Works,  near  Weedon,  Northamptwi. 
Smith,  W.  Ford, 

Gresley  Iron  Works,  Manchester'. 
Smyth,  Samuel  Richard, 

2  Ducie  Street,  Clapliam,  S.  W. 
♦Snelus,  G.  J.,  F.R.S., 

West  Cumberland  Iron  and  Steel  Works,  Workington. 
Soldenhoff,  Richard  de, 

71  iS'^  Mary's  Street,  Cardif. 
Somers,  Walter, 

Hay  word  Forge,  Birmingham, 
Sorby,  T.  W., 

Stonhfidd,  Slieffield. 


Heeled 
Member 

1886 
1885 
1872 
1889 

1873 
1889 

1869 

1888 

1884 

1879 

1869 

1880 

1888 

1878 

1881 

1873 
1886 

z886 

1873 
1885 

1877 

1880 
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Sorby,  Henry  C,  F.K.S., 

BroomfUldy  Sheffield. 
Sotomayor,  Major  F.  Alvarez, 

Ordnance  Works,  Trtibia,  Spain, 
Sparrow,  Arthur, 

Freese  Manor,  Shrewsbury. 
Sparrow,  Henry, 

Himleyj  Dudley. 
Sparrow,  J.  W., 

Beckminster,  Wolverhampton. 
Spencer,  Charles, 

West  Stockton-on-Tees  Iron  Works,  Stockton, 
Spencer,  John, 

Phoenix  Works,  Coatbridge,  N,B. 
Spencer,  John, 

Globe  Tube  Works,  Wednesbury, 
Spencer,  J.  Cuthbert, 

JValbottle  Hall,  NevoccLStle-onrTyne. 
Spencer,  J.  W., 

Newbum  Steel  Works,  Newcastle-on-Tyne. 
*Spencer,  Thomas, 

The  Grove,  Ryton,  Blaydon-on-2^yne, 
Squire,  Edw.  L., 

Coalbrookdale  Iron  Works,  Shropshire. 
Squire,  Lionel  R.  Littler, 

30  St.  John^s  Wood  Park,  London,  N.  W. 
Stanger,  William  Harry, 

Chemical  Laboratory  and  Testing  Works,  Broadway,  West- 
minster, S,  W. 
Stanley,  John  W., 

The  Laboratory,  Tondu,  Bridgend,  Glamorganshire. 
Stead,  J.  E., 

5  Zetland  Road,  Middlesbrough. 
Steel,  Henry,  Jun., 

Phoenix  Steel  Works,  Ickles,  Sheffield. 
Steel,  Wm., 

Phoenix  Steel  Works,  Ickles,  SJieffield. 
Steer,  Edward, 

Castle  Works,  Tydu,  near  Newport,  MonmoutluJiire. 
Stephenson,  Robert, 

Stockton  Malleable  Iron  Company,  Stockton-onrTees. 
Sterne,  Louis, 

2  Victoria  Mansions,  Westminster,  S,  W, 
Steven,  Thos., 

Milton  Iron  Works,  Glasgow. 
Stevens,  Warwick  Allan, 

Darlington  Works,  Southwark  Bridge  Road,  London* 
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Elected! 
Member 

1869   *Stevenson,  John, 

Acklam  Iron  Works,  Middlesbrough. 
1873      Stewart,  Andrew, 

41  Oswald  Street,  Glasgow. 

1873  Stewart,  James, 

41  Oswald  Street,  Glasgow. 

1883  Stewart,  Peter, 

Tharsis  Sulphur  and  Copper  Co.,  Glasgow, 

1874  Stileman,  F.  C, 

23  Great  George  Street,  Westmin^er,  S.  W. 
1876  I  Stoddart,  Charles  John, 

!  Farhgate  Iron  Works,  Botherham, 

1872      Stoker,  F.  *W., 

Easton  d:  Anderson  Co.  (Ld.),  Erith  Iron  Works,  Erith,Ki 
1880     Storey,  Sir  Thomas, 

Lancaster. 

1884  Storey,  K, 

I  Rumford  Place,  Liverpool. 
1 888     Storey,  Thomas  K, 

Kidsgrove,  Staffordshire. 

1887  Storey,  Wm.  John  Patrickson, 

Douglas  House,  Rhyl,  N.  Wales. 

1888  Storr,  Frederick. 

21  The  Groves,  Chester. 
x886      Storr,  Walter  W., 

I I  I'emple  Street,  Swansea,  Glamorganshire,  South  Walt 

1885  Straker,  Herbert, 

Thomaby  Iron  Works,  Stockton-on-Tees. 

1879  Strang,  J.  H., 

Lochbum  Iron  Works,  Glasgow. 
1883      Strange,  A.  J., 

West  Cumberland  Iron  and  Steel  Works,  Workington. 
1876      Strick,  George  Henry, 

Amman  Iron  Works,  Swansea. 

1880  Strick,  Jno., 

I  Bar  mil,  Madeley,  Staffordshire. 

1889  Stroudley,  "\V., 

Locomotive  Engineer,  Brighton. 
1S83      Stuart,  Professor  J.,  M. P., 

University^  Cambridge. 

1 88 1  Stubbs,  Frederick, 

Broomjield,  Netobould  Lane,  Sheffield. 
1885      Sturrock,  David, 

Carntyne  Iron  Co.,  Glasgow. 
1872      Summers,  James  "NV., 

Globe  Iron  Works,  Sialepbridge. 
1872      Siunncr,  William, 

Brazenose  Street,  Manchester. 
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883 

874 
869 
869 
881 


879 
869 

t875 
[880 

888 

876 

[887 

[887 

879 
:88s 

87s 
[888 

889 


Sutcliffe,  F.  John  Ramsbottom, 

Low  Moot  Iron  Works,  Bradford,  Yorks. 
Sutherland,  The  Duke  of,  K.G., 

Stafford  House,  St,  Jamef^a,  London, 
Sutherland,  Wm., 

Poplar  Avenue,  Sandon  Rood,  Birmingfiam, 
Swan,  Edward  W., 

Middlesbrough. 
Swan,  Herbert  A«, 

Middlesbrough. 
Swan,  Henry  R, 

N'orth  Jesmondf  NewccuiU-on^Tyne, 
*Swan,  John  G., 

Cargo  Fleet  Iron  Works,  Middlesbrough, 
-♦SwindeU,  J.  E., 

Cradley  Iron  Works,  Stourbridge. 
Sykes,  Robert, 

Acres  House,  Stalybridge. 


Tait,  James, 

Raisby  Hill  Lime  Works,  Coxhoe,  County  Durfianu 
Tate,  John, 

Workington  Hematite  Iron  and  Steel  Co,  (Ld.),  Workington. 
Tatham,  Thomas, 

102  Corporation  Street,  Mancluster, 
Taylor,  James, 

Shirecliffe  Cottage,  Shirecliffe  Lane,  Sheffield. 
Taylor,  Joseph  Samuel, 

Derwent  Foundry,  Birmingham, 
Taylor,  T.  A.  O., 

Clarence  Iron  Works,  Leeds, 
Taylor,  James, 

Park  House,  Queen's  Road,  Oldham^ 
Tench,  Wm.  R., 

Hamilton  Iron  Works,  Garston,  near  Liverpool, 
Tennant,  Sir  Charles,  Bart., 

St,  Vincent  Street,  Glasgow, 
Thackray,  Wm.,  Jun., 

7  The  Avenue,  Sunderland, 
Thielen,  Alex., 

Phoenix  Iron  Wo7*ks,  Ruhrort,  Rhenish  Prussia. 
Thomas,  James  Lewis, 

Bryn  Awel^  Aberdare. 
Thomas,  John  Glyn, 

Llangennech,  South  Wales. 
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Elected 
Member 

1888 


1881 
1878 
1888 
1878 
1882 
1882 
1882 
1889 
1883 
1886 
1879 

1873 
1882 

1869 

1878 

1881 

1871 

1874 

1884 

1882 

1889 

1885 

1820 


Thomas,  Richard, 

BirckUVB  Iron  Worksy  near  WcUscUl. 
Thomas,  R.  B., 

Lydbrook^  Gloucestershire, 
Thomas,  William, 

Brf/n  Atael,  Aberdare. 
Thomas,  William, 

Portway  Worksy  Wedneshury, 
Thomas,  William  Henry, 

15  Parliament  Street,  S.  W. 
Thomlinson,  Wm., 

Seaton  Carew,  near  West  Hartlepool. 
Thompson,  Sir  Henry  M.  Meysey,  Bart, 

Kirhy  HaU^  York. 
Thompson,  James, 

Singleton  Park,  KendaL 
Thompson,  Philip, 

Clarence  Iron  Works,.  Middlesbrouyh, 
Thompson,  S.  Jno., 

Muchall  Grove,  Wolverhampton, 
Thompson,  Robert, 

Fulicell  West  House,  Sunderland, 
Thomson,  Charles, 

C alder  Iron  Works,  Coatbridye,  Iif,B, 
Thomson,  Graham  H., 

129  Tronyaie,  Glasgoio, 
Thomson,  James. R., 

Clyde  Bank,  Dumbartonshire, 
*Thomson,  J.  M., 

Calder  Iron  Works,  Glasgow, 
Thomson,  John, 

JSston  Mines,  near  Middlesbro'-onrTees, 
Thwaites,  Edward  H., 

Vtdcan  Iron  Works,  Bradford,  Yorks, 
Tinn,  Joseph,    . 

Bristol  Bank  Buildings,  Bristol, 
Todd,  Hadden  W., 

St.  Helens,  Lancashire, 
Tolmie,  A.  D., 

166  Buchanan  Street,  Glasgow. 
Tomkys,  Joseph, 

Carr  House  Iron  Works,  West  HartlepooL 
Tompkin,  John  Benjamin, 

Netoliall  Steel  Works,  Slie field, 
Tonks,  Edwin, 

Holly  Cottage,  West  Smethwick. 
Tosh|  E.  G., 
'  North  Lonsdale  Irou  and  Sled  Compau>j^  Ulwritoiu       /v 
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Elected  | 
Member 

1870     Tosh,  George, 

North  Lincolnshire  Iron  Works^  Scunthorpe,  Donccuier, 
1881     Tosh,  R.  George, 

North  Lincolnshire  Iron  Works,  Scunthorpe,  Doncaster. 
1883     Tozer,  Wm., 

Phoenix  Bessemei'  Steel  Works,  Ickles,  near  Sheffield, 

1883  Trasenster,  Paul, 
Boulevard  Frire-Orban,  4,  Liege,  Belgium. 

1889     Tripon6,  Emile, 

35  Bue  de  Bome^  Paris, 
1881      Trubshaw,  Ernest, 

Western  Tin  Plate  Works,  Llanelly^  South  Wales. 
1880     Tucker,  A.  K, 

Holly  Street,  Smethwick, 

1886  Turner,  Thomas, 

Gorngreaves  Iron  Works,  near  Biiiningham, 

1887  Turner,  Thomas, 

Mason  Science  College,  Birmingliam. 

1884  Turtou,  Geo., 

Patent  Buffer  Steel  and  File  Works,  Sheffield. 

1884  Turton,  John, 

Vulcan  Forge  and  BMng  Mills,  SJieffUld, 

1885  Tweedie,  Jas.  A., 

1 2  St.  Andrew  Square,  Edinburgh. 

1889     Twynam,  Thomas, 

7  Marlborough  Terrace,  Bedford  Park,  London,  W. 
1889     Tylden- Wright,  Charles, 

The  Priory,  Dudley. 
1887      Tyzack,  Wm.  A., 

Sulla  Works,  Hereford  Street,  Sheffield. 


1879     Upton,  Douglas, 

Codnor  Park,  Alfreton. 


1874  Valentine,  Charles  J., 

MarsJiside,  Workington. 

1875  Valton,  Ferdinand, 

166  Fauborg  St.  ffonori,  Paris. 

1886     Varley,  John, 

Leeds  Forge  Co.,  Leeds, 
1883     Vagart,  M., 

Angleur,  near  LiSge,  Belgium. 
1873     Vaughan,  Cedric, 

Hodbatrovf  Mines,  Millom,  Cumberland. 
1885     Verdi6,  E., 

75  Bue  de  la  Victories,  Paiis, 
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•Vickera,  T.  E, 

Rirtr  Don  Work*,  ShtJUU. 
Felix, 


1875      S 
1S74 


889 


Barrott'i^Fvnum, 
m-ia-F«rMttt. 
nd  Axlttrte  Company,  Wednabury. 

iSuiulerltind. 
Sail,  near  Newport,  Shropihxrt. 
<  Workt,  Lttdt. 
t,  fFigan. 
forhKirt. 


I)7UU1,  JUQ., 

Vorii,  ShefisU. 


mpany,  Ckieago,  U.S.A. 


887      Wallis,  James  J., 

10  St.  Sieiihia'$  Lane,  Lotidoit,  B.C. 


875  ;  Walton, 

87S  I 

j»,  Afiddletbrouffh. 
889  I  ^  Pearson, 

Street,  WisAaw,  N.B. 
8  69      Ward,  George, 

Z/uwe,  IF 
869 

Worict, 
878  .  Ware,  Charles  William, 

37  Grosvenor  Flaee,  NeweaMle-oii-Tgiit 
I  Warren,  Edwin  Culeb, 

120  Qu«n  VitlQTia  Street,  B.C. 
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Elected 
Member' 

1888  Warrington,  Henry  James, 

Berry  Hill  Farm^  Stoke-on-Trent. 

1889  Watt,  John  Landale  Wilson, 

3  Alexandra  Fiace,  Denniitoum^  GUugotP. 
1876     Webb,  F.  W., 

i  Chester  Place,  Crewe, 

1873     Webb,  Henry, 

IrwelL  Forge f  Bury, 

1872  Webb,  Henry  A., 

I  Church  Street  Chambers,  Stourbridge, 

1873  Wedekind,  Hermann, 

158  Fenchurch  Street,  London,  E,C. 
1878     Weeks,  Joseph  D., 

FiUsfjurg,  Fa,,  U.S.A. 
1872  I  Weir,  William, 

Gartsl^rrrie  Iron  Works,  Coatbridge,  jY.B, 
1878     WeUman,  Samuel  J., 

1080  Willson  Avenue,  Cleveland,  Ohio,  U,S.A, 

1882  Wells,  Charles, 

Moxley  Steel  and  Iron  Works,  near  Wednesbury, 
1872      Wendel,  Henri  de, 

Hayange,  Lcnraine,  Germany, 

1872  Wendel,  Robert  de, 

Hayange,  Lorraine,  Germany, 
1889      Western,  Chas.  Robert, 

Broadway  Chambers,  London,  8,  W, 

1878  Westmacott,  Percy, 

Benwell  Hill,  NewcasUe-on-Tyns, 
1 8  7 1      Wheelock,  J  erome, 

Worcester,  Mass,,  U,S.A, 

1879  i  While,  Adolph  S., 

32  Regent  Street,  New  Swindon. 

1883  While,  Charles, 

Cur  wen  Street,  Workington, 
1879     While,  J.  M., 

Darlington  Steel  Works,  Darlingtofu 
1883     Whipham,  A.  H., 

Qfieen's  Square,  Middlesbrough. 
1883     White,  Hy., 

Dei-went  House,  Gold  Tops,  Newport,  Mom 
1887      White,  Henry, 

BHdgf  Street,  Worksop, 
1885     White,  John  Henry, 

Derwent  Works,  Workington, 
1889     White,  Maunsel, 

Bethleliem  Iron  Company,  Bethlehem,  Fa,,  U,S,A, 

1873  Whitehead,  John, 

Penwortham  Friory,  Freston^  Laneashirt, 
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itrat,  GUugow. 
F., 
OlvtrMon, 

mrport,  Mim. 

Iron  Work*,  Letd*. 

orki,  Ltedt. 

Choir  leg,  Laneaihire. 


Iron  Worla,  Stoekton-on^Tee*. 
876  ^1.  Bucktoa  Si  Co., 

M  Foundri/,  LuJt. 

Workt,  itexbrough,  Yorit. 

Torluhire. 
WiUcinsoD,  George  W., 

MonmotOhthirt. 


99  Bumgreave  Road,  SAfffielif. 
884     WillanB,  B., 

878  [  WiUiam, 

BuUdingt,  aS  Dean*gafe,  Martehtiter. 


venee.  Pari*. 

(Hid  Tinplate  Co.,  Pontypool,  Monrnouththirt. 
Jiee,  ManehaUr. 
Worh, 
Sottte,  PofUj/jMol,  Monmovththire. 

I  The  Fieldt,  Netnport,  Monmouththire. 

880  i  ■Williams,  John, 

j  RogerttoH  Home,  TffJv,  Ntieport,  Monmoulhihirf. 

87a  I  WiUiamB,  Nicholas, 

Hodbairow  Mine*.  Miilom.  Cvmha-land. 


OBDINABY  HSUBEBa. 

on  Worla,  MiddUthrough, 

Warh,  Wrtxkam. 

Work$,  Wednabury. 

Strttt,  loiulon,  S.  W. 

Worh,  Withato,  N.B. 

fc  Iron  Workt,  Tipton. 


5t5S 


Forest  Steel  and  Tinplati  Worhi,  Smmieti. 


1888 
1889 
1869 
187. 
1S74 
1869 
1877 
1883 
1880 
1873 
1877 
1885 
1870 
1869 
187s 
1873 


1,  Sola,  Noilh  Waltt. 
1869  P., 

1869 

1886 

1884  i 

i  i'  Lane,  London,  W.C. 

1879     Wise,      .  Lloyd, 

46  Lincoln'M  Inn  Fitldt,  W.C. 
1884  !  '^S^^. 

I  Pitltburg,  U.3:A. 

1873     Withy,  Edward, 

Avon  Viila,  Pat-ntU,  Aufkltmd,  Ifeu  Zealand. 


Engineer,  Stafford, 
ffoiue,  Miirravfield,  Edinburgh. 
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Xlaetad 
Member 

1871 
1878 


1883 
1883 
1884 
1880 
1886 


1889 


Wurzburger,  Philip, 

CreiuiuuJh^  Rhenish  Prussia. 
Wynne,  Francis  George, 

5  Westminster  Chambers,  London,  S,  W. 


Tbarra,  Don  Jos^  A.  de, 

Eonda  de  Recoletos,  3,  Madrid^  Spain* 
Ybarra,  Tomas  de  Z., 

Bilbao,  Spain, 
Young,  Edmund  B., 

Bolckow,  Vaughan,  ^  Co,,  Middlesbrough, 
Young,  James, 

Lowmx>or  Iron  Works,  near  Bradford. 
Young,  Kobert, 

Victoria  Street,  London,  S,  W, 


Zabalburn,  Ramon  de  Jaurequi  y, 

Bilbao,  Spain, 
1882  j  Zeitz,  Th., 

St  PeUr's  Close,  Sheffield, 
1 88 1      Ziane,  Jules, 

2  Rue  Hotel  des  Momiaies,  St.  Giles,  Brussels. 


PKINTBU   BY  BALLANTVNB,   HANSON   AND  CO. 
KDINBUKCN   AND  LONDON. 


